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A The Franklin Lnstitute Research Laboratories (FIRL) conducted an

enginéering evaluation of the Optacon (OPt&cal to TAct11e CONverter), a

a reading aid ‘for the blind Which sénses the contrast of printed text

”

'w1th a hand. (right) held camera and converts the information to a one

to one tacti1e presentation via a 6 x 24 array og tiny piezoelectric

mre s\m:::tored by the left index: fxnger The study was conducted for
tﬁemoffi of Education, Department of Health Education and Welfare

Tasks performed included . user

‘

under contract number OEC-0-72-5181.

evaluation, opt1ca1, electrical, mechanical, production costs, 1ife

test, re11ab111ty and field trips (to support a- parallel education evalu—
tion conducted by the Amer1can Institutes ‘for Researgh and to gain hum
factor use data) Th1s study concluhes that the Optacdh is a viable

.tool for motivated 1ndiv1duals with unimpalred tactile capabilities
A host of recommendations are.

-and is basically sound in its design‘
presented for optimization of future generations
" be directed at freeing one’hand for holding material to be read elimina-
tion of noise generated by the oimorph stimulators and conversion of the’

Futdre research should -

output to Grade 1 Braille.

¢ -
N




: .divided into a user study, an optical evaluation, electrical evaluation,

SUMMARY .
Th1s report is the culmination of a fifteen month study designed

-to evaluate the Optacon from an engineering point of view. Tasks were

mechanical evaluation (iqcludlng affects of .environmental parameter s),..
production cost study, reliability calculations, laboratory life. tests
and periodic field trips to monitor equipment status used in an educa

tion evaluation conducted by the American Institutes for Research

tour of their facilfties and detailed diséussions which were aimed.
at making FIRL aware of experiences gained by the manufaoturers which
might prove germane ;o our studies. Close 'rapport was maintained with
the education evaluators to generate forms and "questionnaires which

would yield data useful to both studies. .

Teams of personnel were organized for specific studies under the

direction and coordination of the principal investigator. The Optacon
itself received‘most attention because the peripheral €quipment is used.
for training purpd”bs only‘ The following is a- brief summary of the

methodology employed and the, results generated by each team.
' ¢

USER STUDY Data was generated by“the students,- teachers ‘and adminis— L

~ trators at the 14 education evaluation sites around the country as well
, as from approximately 40 blind ‘adult volunteers, recruited by FIRL. This
task force iptegrated this. data with their experiences gained through **

" the conducting of the study, on‘site observations and their profess;onal

"

e




“and fabricatiog/techniques were evaluated and the circuit layout was
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backgrounds. Major problems noted‘included.the'faqt_that.the Optacon_—
requires two hands for oReration (therefore,.anything that has to be
held cannot be read),_theicamera and camera cable are'difficult to ’
store and are subject to damage, the Optacon'XQ a right handed instfuél

nt and the n01se gemerated by the bimorph stimulators is objectéble.

fIn addition, a potennial user must’ be motivated to learn the techniques,

».4must have unimpaired tactile abIlities and must have significant re—

sgurzes available for both the equipment and training. A host of sug—

gestions for improvements:in con rols and cagrying case designs are

.presented in detail in Section 2. Future research should be aimed at a

one hand model.(would not only fre "one hand but would e%iminate problems'
of. feft handed users), a1ternate met ods of tactile presentation (to
eliminate noise, or possibly minimize it with lower frequencies) and the
advisability of multiple finger reading, The Optacon was almost unani-

useful to them in their daily

mously Judged by the - users to be a syste
lives. Requiring them to return Optacons\shey borrowed for their evalu-

. -

ation was not a pleasant task.

OPTICAL EVALUATION: This study looked at each element of the camera
individually.and at its function in the overall system.. Emphasis was
placed on environmqual affects, maintainability, reliability and cost
factors. OVErall/ the opticai system fs considered well designed Re-
commendations include suggestions for easier assembly and maintainence
(See Section 3). In addition, the scanning head is not properly keyed
to avoid improper connection. This problem is easily alleviated by re-

locating a slot on the mating‘connector. . .
" !

ELECTRICAL EVALbATIOI A detailed study of “‘the schematic d{23<:ms was

conducted to evaluate the soundness of design. Choice of compo Snts ’ .

studied., The .
’4
problems were noted. Recommendatibns 1ncluded shockproof bimorph pin}\\\

tacon was Judged to be soundly des1gned Some- minot

better yields on retina chips and a. field maintenance kit including ex-

tender cables. Other suggestions are aimed at reducing cost of ménufac— \\

ture and increas1ng:re11ab11ity by betteg manufacturing techniques. (Set BN

"y i

vii ‘ _ C
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Sehtion 4). Future-studies should be to develop a self_scanned camera'
to minimize the number of wires required in,the connecting cable and to

reduce the voltage requirement’ and compleﬁity “of . the bimorph array.

MECHANICAL EVALUATION: This study\looked at" the Optacon's ability to
w1tHEtand normal use and ant1cipated‘misuse including expected environ-l"
mental extreme conditions. Some specific notes are reported in Section.'.
5 to eliminate nuisance repairs (stripped screws, bent. pins, loose parts)

and to enhance the capability bf the components to withstand &buse. En— f\\”

4-v1ronmental testing included négative pressure environment (simulate¢

‘alrcraft tfansportation), high and low temperature extremes including

humldlty cogtrol (storage in vehicles under extremes), temperature shock

tests (quick changes), vibratlon tests and mechanical shock tests. 'he;‘.

~

Optacon withstood all anticiRated I[misuse extremes with no neticeabye SRS
N ..-,‘ . ) R .
affects on performance. | Q.N (\

PRODUCTION COSTS: This study addressed all phases of the production ‘?
process with emphasis on cost saving\techniques.' It looked at‘each in— ?

!

d1vidual part and offered suggestions to reduce cost and increase feli-f‘l
ability by adjusting specifications ‘and better materlal selection Re- "

commendations in¢lude the’ use of molded plastic parts, furuher de31gn .
changes to minimize the numbet of\g\rts and efforts to increase production
LABORATORY LIFE TESTS Four\Optacons, four Visual Displays and one .

Casette Trainer were subjected to life tests designed to simulate ex~

rates. - See Section 6 f%r details

tended usage and to exerc1se'all subsystems in a realietic manner. Daily

tests were ‘conducted to pinpoint failures. SOme minor nu1sance failureg

are noted in Secfion 7. hattery failure was frequently ndted but sub-

sequent calculations proved\the battery to have a very acceptable.life.. .

time. Users should be cautioned that evtendéd shelf storage *will deplete

, the batte&y voltage but that state does not ind1cate.failure as the batteries
; .

readily respond to recharging.

& : . 4

RELIABILITY This study conmsisted of an efperimental determination of

the mean—time—betwee —failure (MIBF) of the Optacon, Visual Dlsplay and
} | T :
- > R . . .- . 'l & | . ,“ 5
V) v vidi | 4 R Y
‘ s
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“Casette fra ner. Lack of failures in the lab life teéts made'meaningful

calculabions.difficult. Contradictory'information from field tests’
(numerous failures) indicated a poor MIBF (41 hourS) It is conhjectured

._.ﬂthatxequipment use reporting was not complete. Therefo(e, the results

of this study (Section 8) has to be considered to be 4 first approxima— o

{ion- to "reliable" reliability 'data. Further data inputs will tend to

maximize confidence in the results.»

FfELD TBLPS FIRL personnel visited all field sites (14) at the begin-
ning, at the midpoint and at’ the conclusion of the education evaluation. ;
These trips were made to ensure that equipment was operating properly

It alsq afforded FIRL scientists the opportunity to interview and ob-
serve program participants and their facilities. This information was

extremely;yaluable in'making all the subtaSRS'more meaningful. (See ot

14

.. Section 9).. ?5 ' _ ‘ 77\1 . ’ e
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‘1. INTRODUGTION
J
The Franklin Institute Research Laboratories (FIRL), under cqntract'
No. OEC-0-72-5181, has conducted.an engineering evaluation of a reading
aid for the blind called 'the Optacon, a name taken from its,functiondﬁ
description as an OPtical to TActile CONverter; The systems*employs.a

hand guided’ camera which is 'capable of sensing rinted text (typical
d/cransmits the information

typing).
Ss -
over a flexible cable to an’ electronics processing package (about the

The camera employs a photo array an

size of a tape recorder) which is either battery or AC openated. The
information, 1n the form of the printed text , is presented to the user
via a 6 x 24 array of pieZOETecﬁric reeds which he monitors with the
distal phalanges of his left index finger. Equipment includes“a'camera

tracking aid for beginners, Visual Display for teaching purposes and a'

Cassette Trainer for presenting lesson material.

The study was conducted

for the Department of Health Education ahd WELfare s (DHEW) Office of % /
A

- Education (OE).

" OE also supported Stanford University s basic develop-

mental research in reading aids for the blind which resulted in the .
Optacon (Grant’ No. O- 8—071112 2995 [607]).

porated (TS1) 1is currently manufacturing the devices to make them avail- -

Telesensory Systems Incor--

r

able to the public. In addition to our engineering study, the American

' Institutes for Resea:ch (AIR) conducted a parallel-human factors evalua—

tion and traininé program by enlisting the aid ,of fourteen sthools around
the country. This report is thé result of a cooperative effort with TSI,
AIR and OE.
schools, conducted:followlup seminars, performed all maintenance, sup~ |
Q’fR "

selected school. sites, developed training manuals, trained teachers on
AIR, also worked closely with FIRL in gather-

S

TSI manufactJred all equﬂpment, distributed it to the
plied all technical support data and cooperated in every manner:

skte and evaluated results.

ing feliabibity data and solving'problems ‘as ‘they developed Our study

of the Optacon and its support equipment included a user study,.an optical

/
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evaluation, electrical evaluation, mechanical evaluation, study of pro~

S ’ duction\costs, laboratory life tests, development of reliability da;a ’ .

and periodic field trips to the fourteen field sites to ensure that ‘the f,i .
.'equipment was operating properly Emphasis of our, study was placed on ‘ |

reducing the cost of the Optacon and increasing its reliability, usabil- 'v*_

ity and maintainability. : - e .

This report is des1gned to present detailed info;mation on the pro=- - |
cedures used by each team of evaluators, their results and their recom-' A

. mendations.. There exists some overlapping of ffort between groups o
because problems are related. Each dection copcludes with a "Summary C

of Recommendations" for those readers interested in specific conclusions

.+ of .individual teams. ' The overall summagy suffices for® those readers in-

terested in general conclusions.
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. . mv, .. Q?c
Optacon anhd the user context. This analysis involved the user/control

interface as well as safety and what might be termed "first echelon

maintenance. ‘ In additioh, operational effectiveness and Versatility

S - o e . . N
“ is reportcd upon. - ' : S _ , AN

L. ' hese analyses were conducted with the a1d of approximately forty
blind users, boﬂh adult and school age. These people were recruited by
L llRL for .the purposes of this evaluation., Inogeneral they did not re- . e
 .ceive formal training on the use of the Optacon. Their spécial insights B ‘ -

. in respect to general handling and use of the unit proved mos t useful .

v . ln \addition, the blind,children, teachers- and school adminisfrators ; \
who participated in the Office of Education s Education Evaluation (con-" e
dutted by the American Institutes for Research) were interviewed by FIRL.

The intexviewers were guided by, although not restrictedmto, the*ques— .. . e

- , tionnaire outlines developed for that specific purpose’, The blind adults \ ‘
in the FIRL study were loaned Optacons. In most. cases, they did receive« o
lﬁssons qn the Optacon from those who had training. Lt Was .not the in- )
tent of this study to monitor reading prowess; ‘however, general informa- _ ‘ .
t fon in that regafd was of interest. A written report containing comments
oh the soundness of design, safety} maintainability and other pertinent
obseryations were requested of each user. In most cases, the blind adults
were - technically oriented (computer programming, engineering, short wave
radio operation, etc.) and therefore were accustomed to handling and

*

# evaluating electronic equipment. The two~’ "non-technical" evaluators pro-

vided invaluable information from different sta1dp01nts, oncaof the. . .

evaluators was a Braille instructor,.the othcr a rccontly bllndtd sulesman.
. &

~
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Virtually all evaluators conoluded that the Optacon is a viable
tool which opens many avenues for the blind. Their comments for 1m-- ' S e

p;ovement "are summarized in the following text.

[ - i

Finally, FIRL staff contributed many suggestions and observations
as a fesult of experiences gainpd ‘through their involvement with this.
project. '

o : y _
2.2 OVERALL DESIGN AND USER CONTEXT -- v
o —_— . | e
“% This analysis waS'COncerned\specifically with the user/instrument

. interfacc. In regard to convenience and ease of operation we first . L e

® " looked at the control knobs (thresh‘ﬁd intensity)._ The control knobs
. are _kocated on the front~r1°ht hand side of the Optacon. _This placement
dxcrmits the user. to adjust the controls with the thumb of the left hand
',’dllowinnlthe readfqg flngcr (left index) to. remain on  the’ v1brator array
., tod observe the effects of control adJustmen;.' This method also frees . N
F{he right uand for,camera'operation (scanning print, etc.). Ln'essence,.

this c¢reates- a human closed loop control system which allows the indivi-

dualqutacon user to act and'react-to'the reading situation.at hand.,

.

Most users have no complaints. about control knob location, although_.g
some find. thear thurb's position awkward and ‘fatiguing. The size of the:
‘user's hand is probably a factor in determining ‘comfort and efficiency in
this case, as Lt is for many of the other minor" operational problems.'> .

. ' "One -of the most common complaints. was that the Opdacon user could mis-

[ 3 R W)

takenly zzmp one .or both of" the control knobs.with the thumb. This oo

-

‘ problem s conSidered an: annoyance, ‘but many believed that the fault . v

was in. the inexperience of the user and not the mach1ne design. N

A}

Extending the range of . the intensity control was suggested by two ) . RN

students, but most felt the range and sens1tivity of th1s contrdl was

s T ./ . - , : .
'sufficieqt. . - - S ) , %
r ] S . L T X . : . ' i * ' %

ur,

- N _The"range of .the’ thresnold control drew no complaints althqugh the s ,

sens1tiV1ty was considered by some as ' too touchy. This prdblem would
- " be soived by replaclng,the single turn threshold notentiometer w1th a’ L o

- <
. hd v

. ,‘ ' . ) ,‘ " . . 2_2 ‘:‘ ) {
Q : . Ya l. 15) - jl . e ) :




"Optacon were too short. The problems created by the short cablesfmere
. ’ # . N B

- of transformlng the voltage (from llO VAC to~~5 VDC) at the AC sourcev

 F-C3435°

"multiturn potentiometer of the same value. This modification'Would,.. -

allow tihie same range of threshold adjuStment, but would reduce the rate
of threshold change with knob»rotatlon. A multiturn adjustment knob
liowever, may remove a subtle feature of the existing Optacon noted by.

many of the Optacon readers. They suggest that if the reader has a

-variety of mater1als ‘that are commonly read (i e. newspapers, magazines,

computer printouts), he may save adjustment time in jumping from one

typc to another if he remembers the position of. tﬂe adjustmernt knobs for'.

the particular materia \ read (e. g. “newspaper: threshold

“1 o'clock; intensity = 212 o'clock). has also ‘been suggested that as
an aid to this method, the manufacture jouid place tactile nndicator
dots daround the adjustment Enobs and on e zoom slide, to help the
rcadcr accurately and qulckly set the cont ols. Or perhaps, one could -
nncorporate a step—wlse adjusting system, that is' grooved sfeps for .

anremental changes 1nstead of a smooth transition. Y .
. . ‘

The majority opinion of those‘questioned'was that the’operation,‘
rcsolution and placement of the v1brator array was good 'SeLeral'felt
the Optacon shduld come in both right handed and left handed. models.

Cofmments were made about insufficient resolution, a problem particularly

not1ceable with characters conta1n1ng diagonal features. A few ind1v1d—f"

ua;s suggested tiiat the field of view presented by the v1brators was too\ '

conf1n1ng. It was felt that the tracking task 1n particular apd reading

n general would be improved w1th the additional 1nformation a wider

field of view would provide.

’

-

V) L
One 1ndiv1dual suggested that the hand<£av1ty on the Optdcon be "
deepened for persons w1th hands too large to seat properly.
- " b2

. The cables forvthc visual display, tlie cassette trainer and the

simple'though numerous. The short AC cofd from,theVOptacon could'be

.used ‘with an extension cord but this would reduce'the safety benefits

The short cable from the visual display tg the Qptacopn created a space

‘.

"

20
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problem {Optacon reading material and visual display bad to f{t on a
' ‘ single des 'and.aﬂ‘inconvenience-to the' teacher (th?yteacher was unable

to Set the visyal displays together tofprovide an efficient view of ail

\g\ “.  the students'

visual display to another. ). The shortness of. the master/slave eables

work The, teacher had ‘to scan the-room 1ook1ng from one

and the c ssettg trainer cables forced/the students to workyin elbow

. bumping proximity. o S ‘ .Y
' L o - o - : .
Ahe- cable connectors for the Iisual display .and the cassgtte trainer

.o
-

ar difficult'to connect.(for the gighted teadher as well as the stndent).

. o
- Uhe connectors are "force fit,' whiéh means ithat the connéction' is main-

taLned by . friction and has no 1ocking mechax;sm. "

%

. The eamkra cable tends to become tangﬂed and twisted with use. 'This
LG an 1néonvgn1ence to the user -and a strain on the cable wiring. While
°storlng the%&%mera cable 1n the Optacon, the . usér must fold the cable-

and pIace it- in the camera storage well while ‘attaching the Lamera to"'
"its holdeg, this is a difficult task, and mod1f1cat10ns should be made
forislmplﬁgicatgoﬁ._ TSI has recentl:/studied a housing box for the camera

P
. Pwﬁ- v’éTTows‘;he cord to be wrapped round the box for storage.

_— = . v
) ‘ J: The -off sw1tch and the invert switch drew no complalnts and
were judged conyenient and easy to operate. The on-of f switch for the
visual display dreW‘many comments from.the Optacon teachers. The.switch
is. prone to damage dur1ng transportat1on of the visual display.- TSI has
been replac1ng the damaged sw1tches with,.a new "low-profile” version |

_wh1ch ‘will solve the problem.

A

" :The battery condition'button is rar§~ used ard, therefore, drew Nno
AT »oo

syénificant ‘comments or suggestlons. The che

condltlon of the battery

_is 1nd1cated by changes in pitch of the V1brator zz . whilo the battery

C— e - i °

. condltion button is being operated

e .

The- size and shape of the camera module was Judged 'nearly unanlr

mously, as sat1sfnctory. However when asked 1if improu%gqnts could be

and made specific comments. Many ‘the smaller chil

C e . <

n suggested that

1:

. ' o . N 2-h

21

made to‘ the size aqd\s:ape, nearly all those questi ned answered yes ——f—4 -
e
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the size of the camera be reduced for easier handling
'fng(z that h lding the camera while readini
the task was

A difficulty

While a majoritX';

was not fatiguing, most said

\:vkward and felt this was due to the shape of. the camera.

elating to camera shape is the tendenay of many to tilt

vibrator disp ay. The amount of difficulty en%ountered varies among

.
users and is a function of th% user s particular grip of. the camera.
This tilt tendency is(the greatest among those who grip the camera fulif/
on the cablé end, the grip that is nurtured by use of the tracking aid,
therefore learned early- in*training. | Those who grip. the camera between
In

order to reduce ‘the awkwardness and difficulty in aligning the camera, a

' their thumb, and middle finger have the least amount of difficulty

standard grip Should be recommended for use early in Optacon training.
The "thumb, middle finger" grip seems to be the - most! acceptable . This

me thod aIso frees the first finger for”operation of the .zoom lens.
/

+ The retina module, as pointed out by one adult user, can be remOVed »
/fpom‘the\;amera housing,‘éeversed and replaced The result.of this opera-
tion is to-Tavert. (geometrically) the retina, causing the cHaracters to

ide down.

be displayed up

This is a minor problem, and no actual damage

1s done.

Keying the retina module so that it cannot be replaced incor-

rectly would be a minor modification.

] il

. -

The camera_aperture is located-about,1/2 inch'from thevtop<of.the

'..camera module. 'A few of the users commented th.F the camera should have
X .

tactile markinos on it to indicate the location of the aperture. ‘The

X

manufacturer apparently believed that the user should be aware of the g+

]

aperture,

for he did engrave the camera to indicate the location, but

A

W ‘

the engraving either is pot mentioned in the training or is too weak a

tactile signal for the user. The most probable reason is the former and

&

shouI&’be easily corrected for the future.

’,

Difficulty has been expréssed in reading near the binding in certain ;

books particularly paperbacks

R

. Two types of problems have been. mentioned

by the users.:

In books with small margins, the characters nearest to

the binding are often unreadable because the camera module is phy91ca11y

‘e [

w

>
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- ‘blocked and, therefore, unable to cover the characters. The second prob;
oy lem is the difficulty in keeping the capmera coupled to the gurved portion
| of the page which leads to the binding. This problem iszu)ially an‘in—

convenience because the characters nearest.the'binding/éan be=read; but
in these cases it'is an inconvenience for avery line‘ f—the book and will
'probably slow down‘the reading speed and certainly’add a bit of frustra-
tion to the reading. Both of these problems are cons1dered by FIRL as
serious. Solutrons are possible but would seem to require a maJor

change in the camera's optical des1gn,'wh1ch would surely be more complex
and, therefore, increase the manufacturer's'cost. For  the present; this

situation must be-regarded as a design limi{ation.{ o

The camera s zoom adjustment,. "located on the far side parallel to

. the reading surface, is conveniently situated. It is also eadsily adjusted.

The users realized that the ‘zoom lens and the threshold -adjustment wete

interactivie but felt this was’only a slight complication. A fiew readers

-

bump the adjustment occasionally;‘but most have no difficulty.in readjus—
.

ting . Notched step>wise movement wéuld allev1ate this problem also.’ ."A

she range of the zoom is unsat1sfactory to- many. The complaints were ,,ﬂ~“

usually that the users could not .read’ larger type (book ‘titles, Labels, 1

newspapers, etc.). An adapter to effectively 1ncrease,the zoom range

. would be most welcome. - . _ T,

' . R v LN ' i R
- Although *in general ‘the leather carrying case rarely generaﬁéd

<

v

meaningful comments, a few 1mpo¢tant suggestions and-comments were made.

The carrying .case -should be des1gned to: allow the Optacon to be protected

~from damage under all possible\weather conditions.' The present design - -
*- | A
does not satisfy this need. -G ' : N - . S e ‘
\ ; ; .o . o,

A

The cover flap, wheil unbuttoned fqr«Optaqon use, falls towands the .@

user and is an obstacle to free hand movement . \&ommon f1eld sgv tions
"are either to remove the carrying case or to fold the flap: qnder the
Optacon. Negther is a satisfactory solution. The former is not popular
A ( because thehusers feel that the” carrying case provides protection for the

T (

costly 1nstrument. In addition, the cycle of taking the case off and

T

TERlC‘ ' '}f‘ | a S 28, o -

I o ) n - - o
- . - . N . . . . . .




o - \ - o o “F’-c3435'

putting it on-is both awdifficult task and dangerous to the instrument.
The common technique of.removing the -Optacon from its case is as follows:
First, the cover must be unSnapped from the Optacon and ll‘cables:de-
- tached. Then'a finger has to enter the back of the cas and push'out

- the Optacon, while the other hand must try to obtain a secure grip and
then pull the Optacon from the case. The latter field solution’ is not _
ideal because it requires that the flap be folded under the 0ptacon,
thus'creating an unstable base. A suggested solution 1s to design the
coyer flap so that 1t could fold back and fasten oh to the tog of the
Optacon. This would require fairly minor changes to the eX1sting design.

"\ ‘ : L k" :
. The range of adlustment for the carrying case strap is: said to- be:
’ . too small ' ‘ : o v,U X . 'ﬂ\

' o . - “', A
A poqch in order to carry the battery charger and other accessbries

would be a welcome mod1f1cation to the carry1ng case désign.” = - %
, §

xR
4 ~\

-~

ﬁ o An 1mportant‘panufactur1ng criteri‘h 1s the production of items sd.
that “the quality and characterlstlcs of the “individual items are closely
matched This relateSrto the Optacon in that a person who has. learned

‘and developed skllls in read1ng while u51ng a part1cu1ar Optacon should

be able to use that abillty at the same level on other Optacons.

Whlle most users, now and in the future, may have access to only one

Optacon, the present program has~allowed a situation to exist where several

people have each used d1fferent Optacons. In general the nanufacturer s
quallty control has been Judged sat1sfactory A person reading with‘onel
Optacon can read with another. “The effects of the adJustments have
approximately the_-same sensitivity and range.‘ Many readers, however,

- ‘did have a preference and ‘felt that,. whlle all the 0ptacons were sat1s—
factory, some were better than others. - The descr1pt1ve term used most
:often was - clearer. It 1s believed that th1s problem is duesto a lack;

of quality control in the 1ength of the vibrators. On many ynits’ the

" «vibrators extend above, the f1nger plate when no video is present. This *

produces noisé" in the vibrator's. character d1splay , -

-

2-7




2.3 EXPOSURE TO HAZARD R‘INSTRUMENT DAHAGE*fG o . ' o
) o . fA . "\A, ) -//~\;_,’f - - ' e
.2.3.1 glectrical Hazards\ | ~f’ T T

) ‘The: general design was judged safe. Tﬁe Batteryucharger is such /
. that the 110 V AC is converted to a lower voltage (=5 V‘DC) at the AC ,d/
. source and, therefore, eliminates the hlgheF voltage on the power: llne '._./
to the Optacon S ' “Qf Co G ’ o ' ' ' '//

Plugging the charger 1nto/a 110 V waLl socket is potentialli hazard7/f o

ousT The hazard is greater fhan plugging in typical appliances (lamps, '
-tape recorders, etcE3 becaus\\of the large size of the plug~transformer

"(approxlmately a 2- nch cube) A ) o ‘ ) »~i - : .

Several users have receiVed shocks from the 0ptacon. While these
shocks were possibly not harmfdl (see Electrical Evaluation——Bimorph

’Stlmulators), they certa1nly discouraged use of the Optacon.

t
- '

2,3.2 Other Hazards. o . S - o R Y

‘The Optacons are relatively free of sharp edges, rough spots or,' _ _
other potentlal hazards. Few areas have been found that may even be_' e
classified asvfairly'sharp or mildly rough, egc. The possibility of

any .type. 'of. injury .is small and serious injury'imprdbable.

2;3,3< Exposure to Instrument Damage ' . o ; - .
. ™~ . . .

The Optacon s exposure to ingtrument damage, as far as ‘the Juser is
concerned is malnly in handling (see Mechanical Evaluation and Optical
Evaluation for comments on packag1ng)¥ As in most instruments,- there is:.

a direct relationship between an item's pdssibility;of damage and.its |
"handling tlme. The more ,an item is used and h3 dled, the‘greater the
possibllity of damage. ‘In the Optacon the most ha led 1tem is also, f .
’unfortunately, one of the most @ellcate* this is the camera. ,Ege camera ) 7/
1s very light and about 3" X- l/2" X l/2" it is attached to a cable\\ P
feeding into the main Optaco\\hou51ng‘1 The users haye oftensdropped or ‘

- bumped the camera (often’ the camera needs repa1r‘after such a bump or

7
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- drop) and. are likely to continue to do so in the future.. The’situatibn~',)

. >‘?J-1S not, ideal. In normal operation both hands are occupied.s The left "

o S ‘hand is cbnstrained somewhat, rest1ng on the v1hrator grray; the right ‘-

Ahand is cont1nuously mov1ng the camera.A The camera is small and fa1rly

light. Ihe readlng is uSually pefformed while seated at a table or desk.
|

Thereforeé the scanning activity gives a high probability of occas1onally

- dropping the namera. "The left hand is not in a pgsition to catch: ‘the

camera. The camera\i\\light, small and easy to moye and the camera is -~

e h1gh off the ground. While the tw1st1ng cable and,\the difficulty of

replacing the camera for storage (both des1gn inadequacies mentioned

‘prev1ously) may. have compounded the problem slightly. This problem seems

to be an, intrinslc characteristic of the system and could not be easily ‘

. .designed out, although sl}ght improvements could\be made (for example,

.the camera could be made sturdier ‘and therefore able,to w1thstand the ~

A ', ~

‘abuse to which it 1s bound to be subJected)

a

Other possible conditions in which.ﬁhe Optadbn is exposed ta ;;Eag\\

are unnecessary and can be solved w1th désign modifications of the RN
"It
carrying ‘case. .For 1nstance, the leather carrying case, 1s difficult to

remové and subJects the Optacon to the pos31bility of damage due tor.[‘ﬁﬁ

',dropping In add1tion, the leather carrying case should be replaced with

one that w1ll protect the Optacon in all typés of weather conditions.

1 \,

One of the great fears among the users 1nvolves theft. The- Optacons
. o
o) are expensive pieces. of equipment. The1r«portabiliCy and compactness i3

.allows them to be conveniently moved about. "Tth feature makes thefb

'fairly easy The fear of theft is so strong that in some cases the port-

ability feature is not used. It is believéd that th& methods used in

.. prevéntion of theft of- electronic pocket calculators.ébuld be easily ap-

plied inhmanufacturing>the Optacon (locking to desk ani-alarm, etc ).
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2,4 EASE AND SAFETY oF FIRSTaECHE_LON MAINTENANCE

oA A
. . . .
. ]

2.4.1 User Repa1rs or Replacement LT L ".
V'A,'_ 7 The Optacon has not been designed to allow the user to make repairs _
or replacements. This is justifiable because of the sophisticétion of

the system and the difficulty of failure analysis. . Any repairs should
be made by a qualified technician. oL : ) E ;

The page-illuminator lamps and the battery, which many _ of the users ?‘_

.7,'. } '
components. -The lamps should live over 40 years (see Optical Evaluatlon—— '

feel should »be eas11y replaceable, are: actually intended to be permanent

' a*

vica?f. Page Illuminator) and the battetrEs are rechargeable (the batteries .do

o have a limited Iifc expectancy, but the estimated time between replace-
ment is oné to two years, based on a battery charge cycle life of 300 >

500 cycles and an', aVErage,daily usage of .about three /hours). The user

C T g . e .

-?f' . % should be iven‘additional data qpncerning battery storage and charging.
o . For 1nstante,tmost users are not aware of the fact that the battetry wil

. self- discharge when feft unused. In fact the battery could gelf-
d1scharge as low as 50% of rated capacity wh11e stored six weeks. While . .

the batteries are not harmed,_the Optacon owner should be aware that this v

.

L o v

is to be;, expected and that it does not. indicate failure.‘ .The users ’

p shouId ‘also be aware of storage—temperature limltations (usually ranging
L from a minlmum éllowable temperature of -40° F to the high of +1407 F). ;
, R R /f%f" N L _. | \ » | o

12.4.2 Cleaning o ‘ -

\
’

Since the @ptacon is largely an opt1cal device and since,the optics .
opefation is susieptible to dust and dirt, the Optacon should be easy g <l
_ for the user to keep: clean. The following is a list of the camera com- -
" ponehts, whose location nd construction are described in detail in the‘
' A Ai Optical Evaluation gection._ The list also containg comments on the ease{
"' " and advisability of the user s attémpt to clean the items. - (Cleaning is
‘{z 7 S defined as, dusting or gently wiping with tissue paper ) 4

-

4.

T

N e Lamps——ea 3y -

. ! + ' . ' v o

% V‘ ‘ v.A ‘\\ \ -.- e K . 2;10
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- ~® Rollers--easy
white light diffuser--easy . .

Retina glass cover-—fairly simpleq mist remove retina module and .
replace correctly.

[ 1 [ ]

° Mirror--difficult, could be wiped with a . cotton swab through the
- camera aperture, but alfgnment is fairly critical and cleaning is
'+ therefore not recommended

e .Lens--extfemely difficult, exposed side ‘could be wiped with
i _ cotton swab after removal of the retina madule, but to clean the "
other exposed side would require removal and subsequent replace-
ment of several miniature screws; cleaning not recommended.

The vibrator finger plate car be expected to collect duet or other
forelhn materials, but again‘the user cannot easily clean the cover, and

any _attempts to 'do so are not advised. .

4

2.5 ﬁRIENTATION S ;

Locatiqg a specific book, page, paragraph and kine on a random access

',basis with the Optacon is a ‘more difficult task than the same task using

Braille. Probably the most difficult problems are book and page identi-
fication. N ot

Most books cannot be identified by the cover alone. The-problems

“here are cover layout, print size and print contrast’ ratio. In a typical
" gearchy the user would actually ignore the cover and turn to a page in

the middle of the book, The user, would then scaf near. the top of the

jrs on every page. If

unsuccessful, the user will turn to the fi pages of the bookgqnd

scan, hoping to find the title. Unfortunately, in most. books the,title

is too large to be picked‘up by the Optacon, and’ the user cannot deter-

mine the book.title.

-

Finding a particular page ;;‘ 0t too difficult since once the lo—
cation of the page number is dete mined (by ‘scanning any page at top-

and bottom), it 45 consistent th'Oughout the book However, finding a
particular section of a booh is fajrly difficult sincelthe task normally -

requires finding and reading th table of contents." If ¢«he tdble of |

' 28 "
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contents cannot be found and read, occasionally the uger can find a parti-
cular section by scanning through the book and reading the section heading

~often located on each right hand page at the‘top.

So, book'and page locating‘uith the Optacon is difficult compared - .

with Braille wherc the cover is easily readable and the page numbers are s

by -

in standaxd locations. Finding a paragraph and a line with the Optacon

Is in principle identical to searching in’ Braille. The page is simply A t
scanned usually from the-top, and the reader skips lines or paragraphs e
*  as recognized until the particular paragraph or line is found or passed. = o “

In the latter ‘case che,reader would repeat_the process by backtracking
L until the line or paragraph is finally located. Generally this process

wou ld tahe.n longer time with the‘Optacon and would scem more 'tedious,

but thig is only because reading speeds with .the Optacon are presently ¢
v slower than with Braille. (Hoptfully with experience, Optacon readers o
will approach and perhaps pass their Braille speeds, although the '"short—
4Pand“ nature of Brdille tends to make the latter kossibility improbable.)

14

‘ Several users feel that a larger field of view would aid in tracking
" and comprehension, ‘The Optacon has been deliberately designed to present
a single‘Character to the reader. Whe}her readers can actually gain
from additional information or whether the additional inputs would appear‘
as noise was not determined under this contract\. It is’helieved that a
study such as this would, however, be valuable if‘undertaken by an inde-
pendent'organizatidn: An expexi@ent was tried with one of FIRﬁ‘s adult

3 o

"+ users, a Braille teacher, to deternine whether one could acceépt multiple . -
inputs. FIRL presented’ the subject with a list of words in Bratllé that =, , .
were arranged in a column. The words were justified to the left hand |
margin and were limited to no more than four Braille symbols per line.
The Braille teaqher was then asked to scan fthe ‘column from top to bottom .

‘and to limit'ggrizontal displacement so that each finger\of her reading

-

hand fell over a single character only. The teacher foun@,that she
could'indeed read'thé words quite easily. While not reIated directly

‘to Optacon reading, and while the teacher is certainly an above average

-,

» ~ . : 2—1'2 . . . “. ot 5
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feader,. the experiment indicates that multiple tactile inputs can. be
accepted. Stanford University reported early in the Uptacon development

that multiple fingcr reading is not advantageous. These facts conflict. = .
b .

¥ . ) '
. .
Lal

2.6 EDUCATIOMAL FACTORS EVALUATION

~

Despite the advantagé of allowing the-blind to:read materials other
than Braille, the Optacon presents quite a few problems to the class-
room, the teacher and the school.: Most of these problems are. generally
judged minor. In particular situations many of these problems are diffi-

cult to overcome. . -

2.6.1 Teacher Training : S

Except fot a few special cases, the teachers had very little diffi- .
cdlty learning the operation of the Optacon., The difficulty rises steeply,
however,‘if the training is.not personal and "hands on.' That is, those’

- teachers not technically oriented, in order to obtain an adequate‘under—
standing, require that they are person'aly'shown and allowed ‘to operdte
the Optacon. Several of‘theafeachers felt that a "What ‘to do when the S
Optacon doesn't".manual of minor trouble shooting would be imnortant o
and would render unnecessary many of their calls to the dptacon service - *
'orgahization.v Another aid to education wowld be to have all the
. materials, especially the Optacon instruction manual, in Braille. This
would net only aid any blind teachers or assistants, but would be useful

»

to the Braille readinglstudent.

72 6.2 C]assroom Setup

When used ‘in a classromm for the instruction of the Optacon (e g.
eabh student would have an Optacon located at his desk),vwirlng of the

desks would be necessary’ to prolong the life of the battery and, there-

fore, min1mize the time between réplacgment. The reason for this is . .
that in such a classroom the Optacons would undergo nearly cont1nuous »
RS ‘ : ‘ s »
. . ' . : N P ,
oo . ; ¢ 2-13

S,
\ , T - < ']




Ry

F-C3435~°

usage and, therefore, justify the wiring.' W1ring a classroom ig ‘-not
difficult-nor is it unusual; take for example, a typing. classroom. An,
Optacon in a rormal classroom probably would not require special wiring.
(If a large percentage of'students had Optacons; wiring should‘be congid-
" ered for convenience.) A normal classroom rarely requires continuous
reading and therefore, fﬁEROptacon could be run from the battery assum—
. ' ing most classes;{or the day are .similar and the Optacon conld remain on

charge most of the night.

A common concern among teachers is the lack of 3—Pronged Outlets
(required by the Visual Display) in most schools. The- Visual Display .
)v would not be used in a normal classroom but only in._an Optacon classroom s
which should be rewired. \ e |

‘In a special Optacon classroom, oversized desks would probably be~ v
used.-~?his again is not especially expensiVe or unusual. TheLOplacon
classroom’ can be compared'mith a typing class which aiso use larger
desks. A normal blind school or classroom will usually already have
oversized desks .as the norm beca“se of the space needed to operate the

. Braille writter and it wquld be eXpected that at’ a mostly sighted school

the blind student may already have been provided with a larger deSk

iy major problem with the Optacon in both a normal classroom and an

5
-

Optacon classroom is the high percentage of "downtime" as seen from the e
. . reliability tésts. The Optacon cannot be expectdb to#run continuously.
+ ‘day in and d ( out. The school must either inVeét in the purchase of
. "back up”'. units (to replace failed units awaitiig repair) or to incor- y
' porate the eﬂpected downtime in the course program and provide“the
re airgﬂ‘*‘ X ’ . . , ; o ol

«t N 3

A serious ‘concern among educators is the/effect the noiSe of the

< -

) } ' stgdents with other educational activity while their Optacon is being

fOptacOn wili haveion a classroom.. It 1s po1nted out that noise is <"
already accepted in many classrooms. The ty?ing class again provides an,

example, as does ‘computer Classes (using .equipment such 4s a‘teletype—n

writer). = Noise 1s accgpted in other classrooms also as eXemplified by ¢ _

e the general acceptance of the’ Brailler. However, it~should.also be

. 4 ' - N . .«
- R . - ¥ @ e
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noted that these noises are usually all typing sounds. These random
bursts of - sounas are actually considereé;by some as soothing and* compared

to the pleasant sound of. rain and 'surf., Thé‘sound of the Qptacon however,

'is a high pitched buzz which would probably be annoying to many and surely

not pleasant to anyone..  One adult user stateS.....

"| could not use the instrument if my present job’ )
- setting. We have two person offices and my roommate. :
did not think she could get used to the buzz. This =
‘ is not to say that | would not isolate mysle in
some manner if | could use the'Optacon.' }

) ‘ . . . .
The last sentence is a common field solution.. Most blind people

/——
feel that they would isolate-themselves in order to use the Optacon.
This cannot, however,,he a solution in the classroom (there is nowHere
to hide.) ‘ . : . c o o ) K i N
2.7 USER ECONOMICS g ' SR

.

Besides the initial outlay of funds for the Optacon many other costs

in Qime and money are involved. A collection of typical costs_is out- .

. -

lined in the following sub-sections.

A

3

2.7.1 Costs of Optacon Tra1n1ng ST | ©

g

Course Tuition is: $500 at TSI, $300 at New York Lighthouse and
$700 at the Pittsburgh Guilds The training requires between one and two

* weeks on site. of course, the cost of transportation ‘and room and board

is a.concern and should be calculated by the prospectiVe buyer. It should

'also be noted -that the’ training gets the Optacon user on the right track,

_but the user must devote many, hours of practice for efficient operation.

”

1

2.7.2 warranty and Serv1ce Contract =~ B {“

- -

Presently, TSI offers a warranty of one year from\gurchase. This

warranty covers defective parts and offers a service'eontract for $100 P

_,per year. After the first year the contract is $200 to cover both parts

arid labor. : o
32 .
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" 2.7.3 Battery Cost f 5‘.7 o ‘,Q -~
At pﬁesent time a replacement nickel cadnium‘bLtter; ia priced at
$12.96, | SR |

o p . F

T - ’ .

2.7.4 Maintenance Turn Around Time ~

The average number of days for repair ‘of the Dptacon is.estimated at

3.5 daYS.uThis data was_taken from the:TSI‘report based on data from
‘ September 1972 to Juné 1973 as™contained in their‘"Service Record for OE
Equipmept. The time for shipment to and from ‘the service center should
be considered and is a function of an individual s location with regpect

to the service center. .

2.8 SUMMARY AND RECOMMENDATIONS

a., The threshold, intensity and zoom lens centrols should
have notches to enable the user to readily locate his
settings. This would enable presetti g- for frequently
read material, This would also aid recovery from

. accidental movement.’ .

b. Manufacture a model for left-handed yperat ors by)
: designing the front controls and case in a "mirror-
'_j/) image" of timir present configurations.

c. Increase length of all interconnect1ng cabling, inclu-
‘\\é\m ding master/slave cables and cassette trainer cable,

Obtain cable connectors for the Visual Display and | L
\\Cassette Trainer: for self—guide and alignment as -well
as 1oeking in place.

: ,-é-' Improve camera and camera oable storage. Retractable
.« ‘ cord and a quiCk disconnect-fastener (insteadrof Screw'c
" type) should be considered. : - '

* f. Inclu ﬁ,instructions for gripping the camera while
,reading Emphasize '"thumb-middle finger" grip.

g, Key retina module so. that it _cannot be replaced
" ypside-down.

-~
h. Accentuate tactile indicator'of camera aperture{

i. -Supply adapter as optional accessory equipment to
facilitate 1arge print.

- j. gupply all-weather carrying case. o .
: -\ B ) ' .o ‘L
' 2-16
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lSupply accessory pouch to house Battery charger fo;,~&
'portability

te

“ s
MY s . . X

Design case flap\ro’g;en/:ver ‘top .of Optacon and to

snap .toward the rear of the unit to facilitate. reading
while the unit is still in the case.

Increase rangeuof adjustment of carrying strap.

-

pins are uniformly hight e

Design vibrators to eliminate possibility of shock (see

Electrical Evaluation recommendations) .

|

Ruggedi e the camera c3se. (See Optical & Mechanical

Evaluatio Recommendatioﬁs)

Design carrying ‘case for easier removal of Optacon to

A

avoid damage in handling. B

Optional accessory equipment for locking unitf%o desk

Emphasjze to the user in. pperating instructions that he
expect battery depletion due”to shelf storage. ' Also
caution user regarding storaoe temperature limitations.
Include optical element cleaning instructions,

Take a fresh look at the advisability of reading with
more than one finger at a time. In addition, supply
"what. to do if Optacon Doesn't" manual for minor repair
All material should be available in Braille.

Provide’ spedial classrooms with proper desk size and
locations. Rewire Optacon classrooms to accommodate
equipment in convenient. locations. Especially, provide
grounding lug for 110 VAC lipes. . R :

Program "downtime" “into "the course outline td/’
accOmmodate repair time. -

N01se elimination (from bimorph stimulators) is.a for-
midable problem unless alternate forms of tactile .
stimulation prove feasible (electrical shock, air puffs

‘etc) but the noise could be reduced if the frequency

of vibration was reduced. A study to determine the
minimum frequency acceptable for legible reading should
be undertaken. - Skilled readers use much less "intensity'
_than do learners. By the same token, they may be just
as adept at -perceiving less '"frequency." \ '

/ ~ :
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‘Improve vibrator quality control to insure that all ., '6
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3 1 SCANNING CAMERA

3 1. l Zoom'Léns“

The zoom lens consists of thr elements, namely' a doublet lens,

a filtqr and a biconvex lens. Thése elements are housed in a lens cell.
The operation of the zoom .consigts ,of moving the lens cell close to the -
page for maximum magnification and further from the page for minimum mag-

o

: nif1cation. "As a zOOm_lens it  is about the most simple design possible.
The lens cell fits into a slotted piece to which the operating button is
fastened thrOugh the camera h0using with a screw. The opposite side of
the lens cell has two channels ‘which ride on‘lands. Clearance cuts ‘are
made.in it to clear the waing for the lamps. The slide in which the

upper ‘surface of the lens cell is fitted, and the lower surface of the -
lens’ cell are lubricated with a 6iscous lubricant., OCperation of the ) . .*3

zoom lens is Very smooth. o - v ;

i~ . o SRR . : ol
73 1. 2 Read1ng Ret1na ‘ S o v Lt L ,‘V

The reading retina, is housed in a cylindrical container. At 6ne . .
end is a plain window and at the other end is the electrical cable per- A
manently attaéhed The. w1ndowN¥erves to protect the ret1na ch?p fpom |
contamination by dust and foreign particles. The wind?w 1s répessed into
the housing so that 1ts outer surface is not flush. This hés§the advan- . ._
:__tage of reducing the possibility of acqidental contact and thﬁreby avoids ' .vb/
fingerprints during handling. On the other hand, it makes it more: diffi-f’
cult ‘to clean. Since removal of the reading retina housing from the rest-,'

ofﬁthe scanning camera is a maintenance operation, the recessed arrange— '

ment is-considered‘satisfactory.3 C o

The field of view on the page as determined by\the retina.is approx-l

imately as™ spec1fied by the manufacturer and lies well w1th1n thie peri-

W

- meter of the optical aperture. Therefore there is no v1gnett1ng5 and
I > .

e g . o _..3_1; .
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_ illumination uniformity;in the image is good. - > ' - .

. 3.1, 3 Paqe I]lummator

o

~

The illumination on the page’ is provided by: two tiny lamps recessed. Co.
- in the head and located at either side of the rectangular - aperture. The<“
walls of the recess are coated with a white paint that serveﬂ-s a diffuse .
reflector. .The lamps are connéected in parallel and the combination is in
series with a 15-ohm resistor that is mou edion the back of the mirror _. .
bracket. Depending upon battery voltage tbe voltage .on the lamp is in ‘
Vthe neighborhood‘of 3.5 volts.’“The lamps (Chicagokhiniature #6152) are~!
‘rated at 5.0 volts and a life of. 5000 hours. At 3‘5‘volts511ife-should$
be extended about 72 times, which equates to about 40 years. Hence, the
bulbs should last the life of the unit unless~physically damaged~ Never—
theless, one-.of the bulbs was eovered with opagque plastic in a test to .

determine whether the unit is still usable with only one lamp.

»

It was found that the operation with the illumination of only one

- lamp was essentially the same as with botb‘lamps afte@’readjustment of
Bire threshold control. ‘ ' o
3.1.4 Scanm'lkq Camera As a Unit . . . L ,
.(. . . N . . -
Some added description of the camera unit as assembled remains. .The

optical path ludes a front—surfaced mirror, which is epoxied to a metal

X -+ bracket., This mi r is located directly above the main’ aperture, and is’

., protected from obts1de ir by virtue of being behind the aperture. A

protecti§e glass c0ver ove the aperture- wauld protect both this front—, |
. (surfacedxmlrror and the lamps. However, such a glass cover may have .
greater disadvantages. It would have to be recessed S0 as not to be
scratched by . rubb1ng on the paper being read' and, if it were' cessed,
it would .be both' a dirt-catcher and difficult to clean. If du t weré to
deposit on the mirror, it is likely it would deposit on the leps also._

In such a case, the scanning camera should be disassembled for cleaning

of all optical surfaces.

36 R
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. better if the connection could only be made the normal way.

3.2 DURABILITY

P 3 : .
P o ~

. " F-C3435 o

ot i 2 . ‘

n the rest of the scanning\\ .
tor slots are symmet- \\\\\\

The-reading retina housing disconnects fr

camera by a bayonet type of disconmnect. THe.

‘rical, and it is pOSSlble to make an invertdd connection. If‘this is - TN

~done, the display presentation is upsidedown and backwards. It would be

b

Y . ~

Durability of the optical components of ‘the. system can be assessed

on - the basis of phys1cal effects, optical effects and electrical effects.

2.1 Physica] Effects | | o f . !,' | -

The main optical aperture of the: scanning. camera allows;access to

" the interior, and through it dirt and moisture could be admitted.w Dirt A

is not likely to be a’problem unless the scanning camera.is used in &

very dusty dtmosphere or ‘on. dusty paper. Even so, the mirror'and lens

- are so far recessed that they are not~likely‘to be contaminated by dust

R4
under ordinary usage. . S

.

Moisture may be a‘problem if the scanning head is, for example, used ‘

outdoors in very humid weather. Under conditions where eye glasses would 7\\;\\\ﬁ

fog, the .mirror surface would also be liable to fog. Although complete

R

e

sealing of the unit would reduce or eliminate this condition such sealing -
would net only 1ncrease the cost but add another optical window which kF\\\;\

~.

would also be susceptible to dirt and/or physical damage.

W ~

~ The possible damaging effects' of sunlight on the reading retina can
be cons1dered The optical aperture, being about 0.6 cm in diameter, has‘
an area of about 0.28 cm. Sunlight at the earth s surface is 100 MW . .
cm and the optical transmission of sunlight is probably Jess than 807% due

s :
- to the filter.. Thus the total power - through ‘the aperture into the reading o

retina housing is not more than 23 milliwatts if the scanning camera is SR
directed towards the sun. This power ghould not cause any objectionable"

heat dissipation problem;

37
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Power density is a somewhat different consideration.

L F-C3435

Because the

’

opt1cs ‘are ' not .focused at 1nf1n1ty the sun will not be imaged on the
~retina; that is, it w111 be out of focus. Under the worst cond1t10n of

minimum zoom, the energy bundle from the sun will fall in a spot of

LA

"-opt1cal‘surfacesmaccidently.'

s reflective wtfﬁigg:ngzzbﬁt th1s can be renewed s

short ‘durations (minutes).

"approx1mately 2.5 millimeter d1ameter.

will be about 470 cm. -

’

The energy density in this. spx\\\
r

Thls is Stlll not an exces31ve level fo

However, 1ntent10nal or prolonged exposure

N Direct physical qontact with the lamp surface would probably be necessary

- to break a’ lamp. ’

“ by unscrewlng a single flat- he d screw.,

is-not recom\knded B o

Mechanical shock, such as dropping’ the scanning camera, could cause

v PO

The lenses are held in the lens cell by an end ring “which

i

a problem.

is press fitted to the inside circumference of the cell Under severe

-

mechanlcal shock this end r1ng could fall out, releasing the lenses.

A,\§cond possible. effect of mechan1cal shock would be breakage of

the lamps. Since these are epoxied into place, breakage is- m1n1mlzed

\
. e
-

Clearance between the rpller and the main frame of . the scanning

camera 'is only a few m11s. 1le it_1is not llkely that the rollers would

become eclogged with dirt or lint, both rollers can be removed for clean1ng

: Rollers are one piece and an be readily replaced if they becomet

damaged. or corroded. This. is mentloned because one of the rollers of "
the un1t examined had a p1tted amea. It is likely that periodic lubrica~

tion of the. roller ends, which serve as bearings, will be required »

3.2.2 "Optyca/l Effects.';

4
. y I
The

a fixed

from the durability viewpoini.

recessed or wholly internal,

lamp Cavity'may become less

¥

r predetermined setting.

-

-

‘e

oom action is continuous and there is no way of locking it to»-

The zoom setting?is adequately stable

Since ald of the optical,elements are
there 1s ‘o probablllty “of scratching the -

The white reflec;iVe surface around the

) \ e
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. und is resistive to bendlng\w1thout being too stiff. The internal electron—

’_the camera ‘head. - , : ;-

_ W1th the removal of one screw both rollers can be” removed - Lamp removal

is still considered a good method. : e - ; j~ S e

. ) P T F-c3e3s
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e,

@
as a part of maintenance. It is npt normally exposed to touch by the

: . S ' A'Lg .;
USEL. & " ' T - e . P

3.2.3 E]ectmcal Effects

L

Electrlcally, the scanning camera has adequate durability. The

.

cable between it and the ma1n un1t is permanently attached at both ends

" ics are adequately protected from the'expected environment. ) , e

3.3 LIFE OF REP-ACEABLF PARTS R - e )
P . l \ . _'

Kl

. There are agtually no replaceable parts 1n the usual 1nterpretatlon
of the term except for the camera head 1tself A bayonet -type of connec-

tor is used betwjen the ‘housing for the lenses and the reading retina ‘?
assembly? Thus 1n the event of any problem w1th the camera head it ': e

~ .-

could be replaced. as a unit. *Thus, lamp burn out, soiled or abused op(ﬂgs'

‘1ncluding zoem action or roller troubles could be remedled by replaping R

| . o S
3.4 EASE OF REPAIR . IR o ,

7

The scannlng camera is_easily'dlsassembled mith'adequate tools. b .

"Once the sheet metal housing is removed the lens cell can be';emoved.

will require ch1pping away the epoxy that lues ;t to the frame.‘ Repair ¢

of broken or burned out lamps is poss1b e but somewhat d1fficult.' Since

it w1ll be very 1nfrequent, the method \edrto mount the lamp (1n epoxy)'

' i : .

Mirror repalr would Sonsist of ‘removing the mirror'bracket by means
of its single retain1ng screw. Because optical allgnment of ‘the. m1rror
would be required, it would be preferable to replace the mirrot and BN

mirror bracket as an ‘assembled unit.’ - ; "

Repair of the reading retina assembly will be difficult. TweAwindow

* . o A + . ' : b ' " » \\




un1t

.

izreplﬁbe the reading retina assembly as well, Th1s would be much more_
b costly than replacinglz/cable alone. “Th s, situatlon could be remedied *
by fabricating the cas

in two pleces instead of(one. A suggested method

a removable end cap which attaches to. the end of the’cylinder. These

r -

,; o, tWo pieces would replace the drawn c 1indr ca1 cy used now. In this _ A R
. y P ‘

. way, it’ would be poss1b1e to remove the . end cap to get at the'cable term- O v |

1nation 1nS1de the reading ret1na assemblf» )

. ) ‘ . . ~..‘ P ‘ ‘

3 5 DESIGN ADEQUACY . . o ’«,;' S
The optics of the scann1ng head ap ear to have been we11 eng\neered

- with" adequate cons1deratlon of the usual’ 0ptica1 tradeoffs. The - .

zoom lens is one of the simpl st_that could be, devised The illumination
["ievel is'adequate to actiVat the sensor. The lamps are powered at
reduced voltage to pr0V1d£ long life. The color filter is reportedly .
de31gned to provide an overall spectral response at “the detector that B\\" o
approximates the eye reSponsef' In this way, ‘the eéntrast-of printing on
. paper background will be’ close .to. what the average eye perc21ves. The
" detector array sen31t1vity allows this otherwise ‘'severe, tradeoff, since’

the 1amps emxttance and detector response both peak in the neaﬁ 1nfrared

n."»\

- Acteptable'tradeoffs’ have Been made between s1mp1e design durable ¢ hd
construction, protectlon from the gnv1ronment4and ma1ntainabi1i ye
4 - . . . . - [
3. 6 COST TO HANUFACTURF . : B N _ ‘« . e
-Tb ¢ sider manufacturing costs we can. d\iineate between ma er1als, ' .
R fabricatiogn, assembly and test costs... The scanning camera appea s to R ) )
JGtillze r adily available and inexpenslve materials. There are ' no
material used which céuld obV1ous1y be replaced by 1ess>expensi e ones L
- T

to signi icantly,redude costs in huantlty production. Y ' : - . T h
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. With regard to fabrication costs, i\ is evident that several machin-‘q

. ing operations are’ required Since several of the machined pieces: are "

small they could be-cheaily fabricated if the machining would be arranged

~to be done on several piéces, at once. . The lens cell, zoom\sl e, end

i plate, mirror bracket andﬁroleroend plates are examples of piece‘ that
»- ' could be machined in this way. The' main apexture appears costly’to |

e machine since it is milled out and has two holes for the lamps. Somev

. saving in fabrication e éts might be realized if this aperture weye ..o

*4#” - stamped out of'sheet met l or molded from a tough plastic” such as lexan

L e evenﬁpylon. SR Lo 5," o T

. e

--a. pré s&on type; that is, they require close tolerances, fits and fiQL

‘ f..ishes. They all appear to be capable of p;eduction in” quantity 8o thaty.=4-

" .
T iﬂitial set up of the machining.equipment will bear thé brunt, of the
i cost. No® custom fits appear.to bé necesséry and aﬁlimachined parss cén ~

\r(.- s rate, Bléck anodizé finiahesvboth 1nside and outside are anﬁoptimum o
' ;choice for botm aestﬁetic and % ptical reasons. Since ‘the thicknegs of .
e anodizing can be accurately controlled no unusual tolerance or, fit prob= ' R

'
e lems should be encountered in assembly

N \ . o
..-‘ - * Y ~ o : -
o o . In cbnsideration of assembly costs it is noted that for <the most part

pieces that require individual machining are attached by means of screws

> r

"f' .to the main éme; For*economical assembly at léast steaof these machwf

ine screvs @hotld be replaced ‘with "quick" fastensrs or even elimtﬁ/ted ‘

L4
PR

ea ing retina ori ation. Mirror Qrie
’bracket in a holding '

v

ee axes bJNNTuing the mirror to xhe\mirro
'a\in frame and by bend- "

ljig, by tolerandes on the bracket fitted intb\gﬁka

be poduced on pr“Qision machine tools- probably with a“yery low: rejection,_.
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X .
would ‘be the bending of the bracket, and even»this might not be necessary >
o if mechanical tolerances are accurately controlled. '
; . Orientation of the reading retina is probably more critical. The . =~ .

array must be rotated with respect to the qonnector hayonet studs so - | y
. , that .its axes are alinged to the page when therscanning camera is mech-
“anically, alighed to the page. In addition, the window disc must also
-match the spring c ntacts ror the lamps when connection is made. In both G‘A.;
instances, it is l}kely that adequate orientation can bé obtained-by

controlling mechanical tolerances, and making assembly in a jig.
o~ ~ .
For post-assembly testing, it should be possible to incorporate
verification of the optics- with the testing of the whole Optacon.
\ . ‘\ . ) - PA

. . 3 «

3 7 SUHHARY AJD QFC/HHENDATIONS E ,
h Recommenggsiaﬂszgall into two categories; changes in fabnication,

fant pro&isions for care and maintenance.- In the first category
- . - . ' '

‘¥

[N . . .

[ [N . LA

a assenbly should be modiffed so that the reading
qt be.connected in the wrong orientation. This
iu-ly ac omplished By.locating the bayonet‘Blots and
‘mating pins uhgymmetrically’ rather than 180° apartys

b. ‘Sinoce the cable xetween the scanning head and the main Optacon
unit is subject to considerable wear by flexing ang rubbing, it
“~.. 1s Iikely to reqyire replacement. In the present”manner of con-
struction’it appears that gpnnéction of a new' cable at the end
of the reading ret\ina assemﬁly wotld be-a major operation “involv-
ing’ the retina itsdlf. The termination 6f the cable at the
- reading retina houg ing should be: modified so- that the risk o
involvi g'the reting in’cable replacement is eliminated. - \

S .+ ¢.. The lens 'cell consisks of, a, hollow cylinder containing three
Lad L. optical elements held “tn-piade by & hollow énd piece that is -
pressed igto the end of'the celTw_It is recommended that this
end piecepbe more positively attached .t6 the lens¢ell, As a

nimum &’ drop of Locktite or othet adhesive .agéent shojla‘be ‘ . _
applied at the fTange to effect a bonding of these pieces . L

hé main aperture of the scanning head which contains ‘the two .
illuminating lamps, is milled out. For quantity production it is
recommended that the design.be modified so that this apertute

. * )
- ) R N
- . L b\
. . .
‘ . ,
y . L
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T - can be stamped out of sheet material in order to effect a cost
, saving. ’ . s /
. e. The sheet metgl cover of the scanning head is attached to the /

scanning head frame by four flat head gcrews. It is recommended
‘that assembly time might be saved by reahcing the number of
thgse screws to two or even eliminating them-by'using a different
method ‘of attachment. \ T AN (

\

ﬁIn the area of care and maintenance, it is recommende that the two

;nollers under the scanning head be cleaned periodically and their engs

- \
] “_be lightﬁy lubricated. o . . R

-

. . N -
- D - . . [y

Table. 3.1 detaiis the cost to manufacture the scanning cameri/jleSs:
vreading,retina, electronics‘and'cable) per unit in lots of 1000. -

.

Y

"Pétenrial savings in this area are considered negligible percentage

wise. If quantities significantly increase, incremental savings

become significant._

.- 'S
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Table 3.1,
MATERIAL: .. -,

Aluminum 1/8 1b at $6.00 1b
" Steel'1/16 1b at $8.00 b  *

° ' Stainless 1/16 1b at $32.00 1b
Hardware 12 @j.03 unit _.
Lamps 2 @ $2.00 unit o o7
Wire Insul. 1 £t at $0.12 ft

) - Paint- /. - A

P ) Anodize - - )

| Lens, Doublet
. ~ Filter "‘\” .
‘ ' Léns, Sihglet ‘
N\ Spring Contacts 2 @ $0.06 unit
N, | Epoxy, ' ‘
. Mirror
‘) : - Resistor
. Window .
| Button Cohtaqté.Z,@ $0.12 unit

- © o,

1.

’

FABRICATION: T
- .
_ Main Frame
. ' \ - ! Ny
<+ - - . End Plate ~ 7] . : o

‘f;-Rollet Plates (2)

v Covetj~ .
, ._ Cylinder
. _Cap

Y 1 -
. . . B

\ . Rollers (2) . e .

[e—

F-C3435

" ®

Cost td“nanufacture Per Unit inm 1000 Qu;ntify‘

A
by
a

s d 0,75 "
. ¥

.. 450

2,00

o Toev367
. 4.00

a2

.50
.35
T .12 '
o
YT BEESNAN
.05
-0
$ + .24
$10.21

$5.00

.521 a .
1.00%, "

e,

N

N
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Table 3-1. Cost to Manufacture Per Unit in 1000 Quantity (Cont.) ' S~
. . . . : ~ = e . X
FABRICATION: . - . . . ’ S N
Mirror Bracket - . ° X o \ $ .16 '“ o \\“\:\\\\J
Lens-Cell (2 pieces)-‘ ’ - .16 . e
. Zoom Slide . ' : .20 S
;Zoom Button . S , 7 .05\
_ Window. Disg o o o .16 -
: Painting and_Anmdizing'\\ - B ~1.00 R
N BN | $9.21° \ ey
- N \‘\ v .
- ASSEMBLY AND TEST: . T A y- |
’ “  Screw Attachments (12) o _ $ 2\\0
\ Wiring . - . 3.00 ‘ :
. ' Gluing - o o I S , . S.Qo 4 : ' .5.'.
v Rollers = . L . - .50 '
E SR S 3T 81050 |
Total cost to manafactuf%'stéhning camera less reading $10.21
etifa, electroniés and cable:" e 9,21
' ‘ 10.50 - .
$29.92 - '
/ N : ' .
~..K" A @
1 )
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4.1 OPTACON PROPER =~ - o A v

-ﬁ.l'l Genera] Comments > ' T . - .

’ The Optacon itSelf received the bulk of the evaluation effort since V ' .\g'\
N . the display unit-and the cassette trainer serve only for training. pur- ,: ‘
poses. ) @ o .
R ’ ) . v . v ‘\ .
.hé design is\basically sound; this is attested to by the gontinued -
-satisfactory operation over long periods ‘of time (see life tesfs).
v ) Several outstanding features were noted, as well as a few undesirable ‘ ;
\ () characteristics which can easily be corrected. These are spmmarized below : S
and, described in detail in later paragraphs. - fiﬂ — v“ . ' o
‘The "following desirable features were noted. B
a. ' Basjcally sound'design1~ ‘ ’
- b, Maximum usage of ‘custom bimorph driver chip so
- that development cost is widely spread;
. : c. Low noise on power buses. - |
. T."‘jv .
The following\undesirable characteristics were also found: - o v'@
I . " . ' . ‘.- . H‘\
a. A‘.race" ‘condition in the 1ogic which could : e ;_%)
. . - cause mdlfunction if the electrical characteristics - . . . by 5Q§ B
’ " of certain components fall near the extremes of o o
‘ L their specified ranges; : . e T ‘
‘ ' b. Possible mild electric shocks from the bimorph ) v
' ' st1mu1ator pins. C
N /- o . .
Recommended aréas~of improvement in a future design are:
N \\- ia. Self—scanning retina to. reducé the number' of
_ \\\\\ ' o wires in the camera cable' _ : ’
o bT A further look at the mechanical design of ‘the
\\ . bimorph ‘stimulator array andthe electrical »
\\\\ designoof the drive circuits. The combination
o 4-1 ~

| |
\
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of ‘complex mechanical design and high. voltage

requirement on the bimorph driver chip causes

the stimulator- subsystem to contribute approximately

one-third of the total cost of the’Optacon. (The . L.
~ other two-thirds is divided roughly equally S
'.between the cameéra and the rest of the Optacon .

excluding the stimulators.) »

4,1.2 E]ectr'omc Design (Optacon) o e‘

The electronic design of the Optacon waé\eyaiuated mostly by
T——

examining the timing diagrams and thke schematic diagrams. " The object of -
the study was to reveal any basic design flaws- rather to seek ways
to delete a component here or .there; the latter coursetﬁfzggtion would
have been tantamount to redesignfng the Optacon which is. clearly beyond
the scope of the task. 'i . B A

The only bas1c design flaw ncovered is One which could cause a
. reliability problem if certain components have electrical characteristics :

-

near the extremes of their ranges. This flaw is discussed in the

following paragraphs.v

Figure 4. l‘shows a part of the logic used in the generation ofithe
pulses which interrogate the rows of the silicon retina in the camera.

Also shown are selected waveforms. .

Ql is the output of a flip—flop, and this is used ‘to drive a second .

t flip—flop whose oytput is Q2 61 and Q2 are NORed together to produce '
a positive pulse at X during the time that Ql and Q2 are both low. The
waveform at Y is the same as. at X except for a slightly lower "1" level

(because of the diode drop)~and a slower fall time. Td is essentially

an inverted and squared-up version of Y.
- ° » ‘. . o - . Y

Ideally, the transitions of Q2 wauld coincide with those of 61
Since Ql drives Q2, however, there is bound to be a small delay between

the triggering of flip-flop 2 and the change of state of its outputw Q2



\\ .
N
~ » F-C3435 ° .
' v ,
. o .
\ /‘ ’
IX
—e TD .
) . INVERTER
’ , DELAY ,
. q,
, VALID \0.3,. SEC ';’:’ ’ ! :
: PULSE 2 _ -
. ' MINIMUM SPECIFIED
: . GLITCH 15V /" INVERTER THRESHOLD -
5y _/—-—-\ - = 6,45 E'V - I
eLATCH. A 4 .
v ‘ \ : .
[ . S ) ,
. Ty \ ‘Z | . g e
. ' GLITCH SUPPRESSED ONLY.IF -~ N
GLITCH AT Y.DOES NOT EXCEED -
" INVERTER THRESHOLD E > /
NOTE' TIME DELAYS ARE EXAGGERATED IN THIS FIGURE
. . . . : ’ » ’ [ Bas .
~  Figure 4.1. Illustration of Potential Reliability Problém -
: . B , ¥ _ 4-3 . . - ) ; o
Q. ’ .. 48 | . |
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" whether there’was light or not. In the NORMAL mode the bimorph stimula-

'always produces the beginning of a "glitch." "

LS

- ~ S N - . F-C3435

Therefdre, the transitions of‘Q2 will always be slightly later than those
of Q1 and, the delay% are shown exaggerated in the figure. Because of this |
delay, there is a short time whdh Q2 is still negatiVe as . Q goes negative ' ‘

|

for the second time as shown in the waveform. This causes a positive

\"glltch" to appear at X? and this was verified in an actual Optacon;.'
‘ luéhglitch is sprea time and lowered in. amplitude by the time it. gets

to Y, and 1is fortunately small enough that it does not cross the threshold’

of the inverter stage, and hence does not appear at Td

-.‘ ‘.

The "glitch" would propagate through the inverter and cause extra
T pulses

:

ne of tup condléﬁons were to. oceur:

. for ' . . .
% @. 4% 4;hreshold of the inverter were lqw' . oy .

i

L

b., The delay between the transitlons of. Q1 and. Q2 is too-long.y SR S

" .
>

" An extra negatlve going T pulse would reset the comparator fllp— ' r

flop and then interrogate z%e retina a second time in the same row as‘

did ,the prev1ous vallEVTé

have -time to recharge in the shqxt-lnterveﬂﬁng time (the presénce of light
assumed), Ehf,"ff“”lk resultﬂnf th%ﬂin&enrogatlon would be '"no light" o ;o

lse. Since the phototransistor would npt

- tors would vibrate continuously, in the INVERT- mode they would never

vibrate. .Since the Td pulse scans 'all rows sequent1ally, all rows would

; fall and all b1morphs would remain on {or off). ; B | j.n

Th1s potential re11ab111ty problem can be eliminated by eliminating

the 'race’ n3 between Q1 and QZ’ a race which Q1 always w1ns, and therefore

1Optacon serial No. R507*012
2I‘he comparator ﬁlip-ﬁlOp is always reset prior to an interrogation
and then set 1f there 1s light on the retina element beilng scanned

A "race" is a condition in which two or more logic levels change stqte
simultaneously and a spurious output could occur as a result of one
changing ahead of .the other.

Vb v




~but requires ‘an additional flip

In the case of the Optacon, this technique is pe

Adurations of the logic states are long compared to the

. ' - N ‘F-c‘3435‘;"

.One- approach which 'will alleviate the problem, but not completely

, eliminate it, i's’ shown in Figure  4.2. Its advantage 1s that it does mot

require additional components. It consists of“connecting the Ql input
of the NOR gate to the output of inverter A5 instead of the 61 6utput of

: .flip-flopll A5 inverts Q1 and produces a waveform similar to Ql except\\

delayed by the ‘time delay of the inverter. This would at least partially
compensate for the delay between the original Q1 and Q2, thereby allevia-
ting the race problem but not necessarily eliminating it.

\

. Figure 4.3 shows an approac that . eliminates the problem completely,
-flop to produce the Q3 signal, which

changes state on the pos1tive—going transitions of Ql’ or the negaeive-
Vs .

going transitions of Q1 ’ _ : - v
L] , .
The rest of t3e Optacon logic was darefully checked for similar race

conditlons. . None was found wh1ch could afTect the proper operation of

the Optacon. o : : ’ : S
Another - compla1nt about the design is, namely, the wide. use of delay
circuits to get rid of what otherwise\would'be ‘sepere "race" problems.

issible' because the

. JheE -elays ‘are ,therefore not critical, provided ‘that they are long enough.

In sophisticated, fast digital circuits, however, this technique could
not be used; sufficient log1c would have to be designed 1nto the system

to preclu-- all possibility of races. ’

The wilde usé of complimentary symmetry MOS (CMOS) chips throughout

the Optacon circuit -1s deserving of attentlon.v CMOS has several advan-

‘tages and drawbacks as compared with tran81stor—trans1stor log1c (TTL),

the advantages outweigh the drawbacks when power.consumption is the\
N / : : ) N

[

4One other potential "race was found which could generate short,

spurious ¢ pulses during the ¢ pulses. However, only the valid ¢ -

* pulse, whifh signifies all "zefos" in the’scanner shift register
‘ g
lasts through the ¢1 pulse, at which time a '"1" is shifted into

_ the register. Therefore, spurious "1's" can never be shifted in.

| C A
v

50 S
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" INVERTER.
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e

' INVERTER THRESHOLD "
: —\ NOT’CRITICAL~
1
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Figure 4.3. Elimination of Race Condition Requires o R
» . One Additional Flip Flog (Q3).‘. o . ’ Ty
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'circult. Another ‘great advantage 1s *high noise immunity. “This is v

- :(In many dlgltal appllcatlons, €MOS. would Bé\?bo S:izk/but thls is.notuﬂ'

"~ of" logic functlons in, CMOS than ln TTL. Therefore, a ﬂarge number.of f’

,d1screte compopents are used in the Optacon to" performkfunctlons which

;could have been performed by TTL - integrated cifcuits. By using. TTL, a
suv1ng in cost would be ach1eved through a smaller number of components, {
-and therefore’ reduce assembly t1me. However this drawback will tend :ﬂ

: Optacon~i

. 7 in RCA COS/MOS ws $1.04 in low power TTL:

S ~ng3_435‘ :

major design criteria. The ch1ef advantage is low power consumptlon, Yoo

of the order of 1072 W for one’ CMOS logic "gate" drlving another CMOS L s

',hrought about because GMOS log;c has a h1gher threshold ‘than: TTL, and o

is at least an order of magnltude leWer ‘than TTL, and is therefore less‘ _',-r (‘

susceptlble to, ‘and lLss likely to generate, short n01se transients.‘

true of the Optacon ) ™

-~ N 4

v’

. The drawbacks of CMOS are a greater number of components and the -
cost of the CMOS c1rcuits themselves. The CMOS c1rCu1ts cost three to ‘
fouritimes as nuch as equivalent TTL c1rcu1tsv5 ThlS would amount to - R !
roughly $30 per Optacon: greater cost in purchased components than if . - &‘”
ITL %ere used which is not a large amount cﬂ'pared to “tHe total- cost - . .'Jﬂy
of the Optacon : oo - L /lu*? :

M Ty : ~ b
- T e Mos -“. .
s A

' ) ~

Another sacr1f1ce in cost. ar1sing from the use ‘of CMOS comes. about
befause of the larger. number of packages requ1red to be assembled onto

the c1rcu1t boards.‘ ‘This is because there gs currently a smaller cholce

to disappeay” as a w{der var1ety of CMOS circults are developed and the

redesigned accordingly.

A hex inverter (six inverters in one package) costs $3.90
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_ The blmorph stim%lator array andO;Ss supportlng c1rcuitry constltute
roughly oneé third of the cost of he tacon. “Bes1des belng mechanically

complex, the array requ1res ab ut 40 VOlts to openate.. This: voltage

S em

‘ imposes the requirement -of Spec1al processing in the fabrlcatlon of the
b1morph dr1Ver 1ntegrated clrcuits, processing that is not standard in

- the fabrlcation of mdst MOS 1ntégrated circuit chips.
o

‘_Whlle it is easy‘to complain about the_complexity and voltage’

requirements of the bimorph array, no easy solution"presents‘itself. One

possibility is to make the bimorphs longer, S0 that less voltage is requlre'

. to d1Splace them a glven dlstance._ Another. mlght be ‘to dr1ve the p1ns

by means of pulsating air pressure. HoweVer, cons1derab1e research

“would be’ requ1red to evolve a tactile stimul toT system substantially

better than the present one.

..

DIt is, however, a recommended area of

1mprovement in. any new generation of Optacons.

One minor fault noted in the bptacon is residual vibration of

stimulators when they should be td}ned off. Ohne possible cause is mech-

anical coupling between adJacent st1mulators through the coitinon bar to

. which they are. mounted Another is stray capacitance to ground from the '

’

lcenter conductor of the b1morphs and its connecﬁlng leads.

Because the b1morph capacitance is approx1mate1y 10 Q96 pF, and the

stray capaC1tance ‘'to ground of leads, bonding pads_and the bimorph dr1ver

switch can hardly be more than a few tens of plcofarads, the residual
v1brat10n due tO-stray capac1tance'with the bimorph off should be less

than l/ -of the vibratlon with the bimorph on. Thus, stray capac1tance

¥

should not be a. problem. ' : .

N

The res1dual vibration s1tuation Has recently been 1nvest1gated by’

They report that they have eerrected it.
o .
" There have ‘been user compla1nts of electrlc shock from the b1morph
st1mulators. It is noted that the stimylator p1ns are made of nicket

~ and are attached to the bimorphs by means of RTV, a- flex1ble adhéglve.
ioThe p1ns may or may not be insulated from the bimorphs themselves, whlch

4-9
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- "carry a square-wave voltdge of about 40 volts peak“at full intensity.

. : While 40 volts 1:222§?gaﬂ§6?3us, it can cause: considerahle discomfort :
'_- - if the fingers are“moist,(as with perSpiration. This evaluator, ‘using *
.. a variable sddrce of” alternating voltage, half-wave rectified to o

simulate the bimorph‘voltage, experienced moderate discomfort at 35 volts
~ .’»4, peak with inst ‘fingers. - : o o '

v - o
.

s e ’ -\' ) - ' ’ ‘ LS
The suggested remedy is. to 'use pins made of an insulator rather than

.;L metal “to contact the user 's finger. Qr, insulating caps. could be placed
' "‘ﬁon the ends of the pins or over the Bimorphs where the pins ‘are attached.

S AR -Stanford UniVersity tried- a“plastic sheet over the entire array This

smeared out" the tactile image to an unsatisfaetory extent..

~ . S R N - P .- Y _\ \
v . 4 . . . :

. ‘ 4 1.4 Custom Integrated C1rcu1ts o

, 'A mwo custom integrated circuits are used in th% Optacon' the”silicon_
- ﬂ; ‘ retina and the bimorph driver. .The silicon retina is used in the camera
v "‘ to convert the dpticad image into elehtrical signals. The bimorph dr1vep

d 14 times throughout the Optacon. two to scan the 24 rows of the .

.’

*§1licon retina and twelve to drive the 14% bimorph stimulators
‘ ) . . - : J4

% T N ._" .. \;_ _ . 4" \ ‘
N _4.). 5 The Sﬂu;on Retm»é\ S e

., The" 51licon retina c;hsists of six column

’4

chargf:stgrage phototransistors. Figure 4.4(5) sdes an equivalent cir-

cuit ot one transistor; Figure 4 4(b) shoWs ,how the transistors are in-

tercpnnected on ‘the chip. The transistors in each column have their
”/-fémbtters,cgnn ted together. '*\" - .~'“_; o0 -

“rhe transistor is "interrogated" once per scan by a negatiwe ~

pulse at the emitter. If during the intervening inte;val since the T

previous scan there has been ‘1light on the transistor, “the capacitance
A

‘C‘ will have been partially or completely discharged depending upon

oo cb .
. the amount of 1ight. When a\negative pu;se is applied to the emitter, .
\ the capacitor recharges, and _the current’ flpw required to recharge the v
o . % . o T -
S S S 410 .
] L ¥ .
5{? } * T ' " -~
\_’ . . ) - \ ) i N . y . ;»;./ " _‘.\ t '

4,col/9ctors connected together. The transistors in each row. have their 'j ~’//.
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"« chips and'assembling the' latter into packaged units.

: ' o T | F-C3435

capacitor is amplified by, the traﬂsiétpr;'prdducing a pulse of current

in the collector. If, on the other hand, there 'was no light since the

previouq scan, ‘then the capacitor will have held its charge (except for
oA 4hall amount of leakage), and therefore 'does not draw a chargiag current
‘when .the emitter is pul§% Conseqﬁbntly, there-is no (or negligible)

pulse . of current in the collector.

-

Only one row of emittershis'pulsed at a time. Therefore, the
presence or absence of a pulse on a particular column of collectors
" depends ‘upon light or noelight on the transistor at that column and that
ruw. The rows are qcanned in ﬁn interleaved fashion, ie., 1, 3, 5...,

423 2, 4,°6..., 24, 1, 3, 5.;.2,etc. The scanning is aecomplished °’ B
by two bimorph driver chips in the main housing of the dptacon; - |

[N

oe . '
TSI has the retina chii. manufactured by an outside firm. The cost

‘erning the cost is that the,packaging yield is only about 50%; that

3 ls, a retina Which tests, ggod during die—sort6 has only about a 507% " -

chance of testing good after being packaged ' The die-sort yield (per-
centage of good chips on-a wafer) is {about- lOZ which is fairly, reasonable
for this array of phototransistors. If‘the packaging yield.couldlbe -
vncreased from 50% to 75%, the cost per packaged unit could be brougnt
down to' aboyt;$54.00; for B5% yield, $50 00; for \95% &ield $46. 007

; Thus’, beyond abput 85% packag\ng,yield, other thir

~
.

s being equal, im-

proving the packagbng yr@ld reaqhesoa poing of dimin shing returns.

(The data cited above was obtained from-TSI in July; 1972.)

. Flgure 4 5(a) is a microprﬁtograph of a part of a packaged retina.

Y

;he largc rectangles are-the 11ght gathering base reglons of the tran-

nsu,tors with thelr large capac1tance ta the collector regions below (into

S e

..0‘ ‘\.

I

Oy @

Testing on the wafer’'with probes prior to scribing into separdte .

o
.

AN i
7rhis ignores the cost' of improving the packaging yield .
The’ pack ging labor. ‘coSts $4.50 per unit. If doubling the \
cost of packaging to $9.00 could lead to a 75% yield, the = o .
. cost of the finished retina would be about $59. 00 iastead ’
of the current $75.00. o S

12'0
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"” the paper). The "borders” between the columns of transistors are the
_isolation regions which prevent the collectors of adjaoent columns of »

transistors from shorting together.

.

The, small squares at the tops of theibase rectangles.are-the,emit-
ters. These must be small ;é minimiZe blockage of light and to:minimize
cmitter—to—base,capacitance which, if *too large,.mould cause feedthrough
of the emitter pulse to. the collector when there is no light. The long,
narrow rectang}g at the top of gach column‘is the contact to the column
of collectors. The squares at ghe edges of - the chip are the bonding pads

to whlch the package wires are bonded

o

Q%
v

~Figure 4. S(b) shows the same portion of an unpackaged chip from a
wafer known to be bad, but otherwise selected at random. The entire-
metal pattern Ais misregistered low and to ‘the left with respect to the
rest of the circuit. Such misregistration would give zero yleld on that

E

.particular wafer.

This gross an error 1s rare in an integrated circuit processing

s, T facility, although it does sometimes- happen. It is due to~misregistra—

’ tion of the photomask during photolithography, and is a human error.
bood practice is -to make a visual check of, each wéferJfollowinggeaGh

. process step so that wafers bearing such obvious defects can he discarded

" without further processing. The cost of a raw wafer is approkimately.

$lS it costs about $200 to process a'waferbto completion:” Each wafer
contains about 130 chips, roughly lOZ.pf which test good at die-sort.'g

-

4.1, 6 _The B1morph Driver Ch1p S . _ : o

The design of the bimorph driver chip is highly p;aiseworthy. The

same integrated circuit configuration performs a Varlety of different
°  functions in’ the Optacon ‘itself, in the display unit, and in the
. cassetﬁﬂ trainer. Thus, the cost of develo&~ng the chip is spread over
-its. several app1icat10ns. The cost of developing a custom integrated
. circuit is»typically tens of thousands of dollars. Therefore, the incor-

-~

‘pgration of a few extras\ in one ch1p to make it perform many different
! ¢ - g

4 o N
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functions 1is far moreé ecén/mical than designing a separate Ehip to '
'perform each function. The chip is & large-scale MOS integrated circulit.

. Figure 4 6(a) shows the package configuration used by TSI for thea:
- - chip; F1gure 4, 6(b) sHows' . the Schematic diagram for one of twelve stages;
'_l ) ach stage contains one stage of a tyo—phase dynamic shift register,-ﬂf “
x\hata transﬁer switch, an output switch, -and one of twelve }“P“§§~°f°a .o
-NOR gate.

» -

.

The ch1ps are always used in pairs, ‘one f// .odd rows, one for even.. - .
The 12th stage output of the "'odd"" chip 'is connected to the 0 input oT\
the 'even' chip The NOR connections on the chips used for’ scanning the
camera are used together with some external logic to hold the ¢ input
of the "odd" chip low ("O" level) whenever there is a "1" on any of the
24 stages of the shift register formed by the "odd" And "even ch1ps

combined. When all 24 stages contaip "0's", a "1" is developed at @ . ‘
.This causes a "1" to'be shifted into tﬁe first stage of the "odd" regis-
.\ter on the next clock cycle (@ followed by ¢ ). Thus, a single "1" is >;\~//[
stepped along the 24 stages, advancing one stage with each clock cycIe.
: Only one stage at a time contains a '"'1". The Q synchronizing signal ’ r /,

developed by the pair of bimorph drivers used to scan the camera, is

" connected to the ¢p input of the "odd" chip of each pair of bimorph B .
driver chips used throughout the system,rthereby ensuring synchronism
among the camera scan, the bimorph stimulators, the visual display, and
any "slave" Optacons connected to a "master" Optacon. In the cassette
trainer, there are two bimorph driver chips which scan a simulated
camera exactly as the camera scanners in the Optacon do to the real camera.'
When the cassette trainer is used, it generates’the ¢p synchronizingn" -
signal to which as many as\}Qur Optacons can be ‘slaved. c |

Let us onsider what happens during the scanning of the i;h stage,of

the 24 stages formed by the combination of the "odd" and "even" chips:v

In the case of: the camera scanners, a negative pulse ('1" level) is e
~applied to DATA, .e.@ to all twenty— ur stages. However, this pulse can -
get to the gate te 1nal of the output switch only on the 1th stage, - .
where the gate of the\data transfer syitch is high. The duration of”the o

-
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','Edge.

‘is in the, NORMAL ‘mode  (dark text on a white background)

P FC3435’

<

DATA pulse-is less than a clock cycle, so that the capacitor C is

" charged by the leading edge of the_pulse and. discharged by the trailing .

Thus, the output switch of the it stage is '"closed" only for

the duration of the data pulse. An inverter Qﬁ*f the chip) converts the
“closure"

switch to a negative pulse which interrogates the appropriate

" row of the camera chip. o .

. . N ’ ' B N
"’There are six pairs of b1morph drivers in the tactile stimulator

ay rav, one for each’ column of b1morphs. The signals applied to the DATA

%
1nputs for each column dre derived from the s1gnals generated at the

collectors of the phototransistors in the appropriate column of the’ '
cameraag Thensignals‘depe&o upon whether or not there was light on the
selecte phototransistor. In what follows, we assume that. the Optacon
In the INVERT

mode, the operation is the -opposite of what, is described below.

Case 1: light i{s sensed as the 1" stage 1is Scanmed:

As.soon as the data transfer switch is turned on by the
appearance of a "1'" in the ith stage of the shift register,
a negative pulse is applied to DATA. The presence of ’
light on the appropriate phototransistor, however, causes
the pulse to disappéar after a few microseconds., If .the
-"memory" capacitor, Cy, had been charged by the previous
_scan, it is discharged; -if not, it may be charged -
fionentarily and then discharged. 1In either event, it is
‘left discharged, and the output “switch is left "open."

The drain of the output switch is connected. to the bimorph
center conductor; if the switch is open, the bimorph does
not vibrate. : O K )

R ) V. th .

Case 2: light ig not sensed.as the i stage is scanned.
A negative signal/appears at DATA as before, but it remains -
-negative at least until the "1" level.on the data transfer -
switch has shjfted to the next st:age9 The data transfer

switch there{%re opens ' while the DATA pulse is negative,

[

whlch has .been- 11Lﬁm1nated is scanned

8 : B .
The "camera" may be the actual camera of the Optacon, the camera of
another 'master' Optacon, or the simulated camera in the cassette
trainer. C s ‘ : -

A

» . v v,'_'/‘_*
9
Actually, the DATA signal. remaLnngEgatlve untll a phototfansxstor
B, ’

‘ d . . P
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~ thereby trapping charge on Cy. The gate of the output . o )
switch therefore remains "high" throughout the entire scan -

, period, and in fact, until the appropriate phototransistor ‘

+ 1s oncé again illuminated. As long as Cy is charged, the

bimorph vibrates. Cy thus acts as a. memory element" which is .
- .refreshed on each scan.. ‘ T , _ '
N ’ . B N

The bimorph driver chips in the display unit are used in the same

" manner as the-camera scanner. . The DATA signal is .a short negatlve pulse

_ which always "closes' the output switch of the T "stage for a stiort N
interval. No charge is trapped on C since the DATA pulse disappears ' v;-“w;—;L“—ﬁ—é

4

before ‘the "l" level is shifted to the next stage.

This descrlption of the operatlon of the bimorph driver chip wast'
'presented\to demonstrate the versatilify of the chip and to set the stage
for a.discussidn of some of the special problems which had to be solved .

in the design of the chip. The chip. must be fabricated by a process which . E

is a mod1f1cat10n of‘standard MOS integrated circuit processing.-, BN

There were two slgn?ﬁicant problems which had to be overcome in the
development of the chip.® One was due to the high voltage requirement of
’the bimorphs, the othem was due to, the. application of a large square—wave

voltage to the bimorphs to make them vibrate when the appropriate output ' .

. ’

switch devices\on tﬂe ch1p are closed ’ : : o . S

%A deta11ed descriptlon of the problems is’ given in a Stanford

Electronics Laboratories.report}O. ‘A brief summary is presented here.

.

‘;l. High Voltage : - . {L : .' )

T

The fabrication of p—channel MOS c1rcu§Es capabfb pf withstanding ‘
high voltages (-40 volts) requires specilal techniques and greater chip .
area than is normal for standard p-channel MOS- circuits.’ Deeper p_—n :
.Junctions are needed to avoid surface breakdown.v Long—-channel devices;’
required to prevent punch-through, tahe up more real-estate. The n- . ~ °
type substrate must be heavily doped (n+) in certain areas to prevent

"fieldfinversion," i.e., the creation of spurious MOS transistors where

a

10 |
James D, Plummer MOS Electronzcs fbr a Readzng Aild fbr the BerJ
Stanford Electronics Laboratories Technical Report No- 4828-~6,
August l97l, Pp- 109- 127 .
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metal carrying high voltages bridge two adjacent p _regihons. The n .

doping requires an extra photomask, extra processing.and more real-estate.

¥ 2, Bimorph Voltage Waveform e

The square-wave drive on- the bimorph causes holes to be injected

into the substrate on the positive- going transitlons of the square—wave

. wherever the,. output switch. is closed (bimorph on). This is illustrated R
in the follQWing sketch. U : - L o . \ \ 5 ~
| | : . .,\ ’/,[‘ . . N v o ) . )
o o:J » S '. e ._ o
2 \\;\ - . ' J » L ’.' . X w
- -hov e L_l C ,l o , .
" BIMORPH DRIVE . CAPAC I TANCE ,
VOLTAGE ‘ . OF v .
. ’ ' ‘ : B IMORPH : p DRAIN s ~
. ; '~T§2g1;:::” oles lnjected Into A
- . ——-J;/ ubstrate During t,
- * o O ’ ’ . ‘ . ‘
. - H'ON"' RESISTANCE OF Q\\g o :
- OUTPUT MOS TRANSIS- - Thee SUBSTRATE
TOR ‘

. Thebe holes dif fuse, outward, away from the. point of inJectlon. CIE
"some of. them reach the p regipn forming the drain of the MOS dev1ce to . g .

~which ‘the capacitance C,, is c¢onnécted, the holes will be collected by

M

. + o : . .
this p region'and.dlschérge C,., thereby turning off the bimorph: 1In

M’
R _ :
effect the'p region where the holes.-are injected forms the emitter of _

a spuriou5 PNP tranSistqr the intervening n-type substrate forms the basef/f(\\“\\\\

and the p region connected to C 'forms the collector.

4

-
- .

‘This "PNP problem ~is solved: :by:  (a) phySically separating the .

. "emitter' and "collector' as far as possible; (b) doping the intervening

substrate tofmake it n+, thereby reducing the qurface lifetime of the holes; :
and (c) placing the grounded source of the output MOS tranSistor between

the point of injection and\G thereby prov1d1ng an intervening

collector to intefcept the holes before they can reach the p region

connected to CM" As an added precaution, the.risetime of the_bimorph

-

o,

419 . 3
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voltage waveform is slowed to reduce the transients which cause the in-

jection of holes. - o . 7~ -

The»n+ doping requires the same extra photomask and_processing_steps

as "it does to avoid the "field inversion" mentioned above. Therefbre,

e,
P N

+ ) ‘ N . 4
the n step can be eliminated only if the bimorphs could be operated at
lower voltage, and the excitation method could Ee redesigned to elimin-

iate the massive inJection of holes. ‘
&

The PNP problem necessitates a cﬁip layout which requires much more
5111con real-estate than if the problem were not. present.. Large real—
ostate requirements lower y1eld and allow fewer chips per wafer thereby‘»

‘fincreasing the cost of each good chip. Because special processing is : \

required for high—voltagc operation, there are fewer manufacturers will-

« 4

ing to gear up for relatively small production runs; consequently, the
cost of processing a wafer is larger than 1f standard processing could °

be used

PP RN
~ -
b

Figures 4.7 through 4.10"are microphotographs of the bimorph driver

ken W1th the aid of a scanning electron microscope. Figure 4.7 is’ . ®

erall view of the Chlp. The top third of the chip is occupied by o

th; -stage shift reg1ster. The top row of large rectangles midway
down the chip'are“the memory capac1tors, CM. Just below these are large
rectangkes of metal which are presumed to be used to minimize the _ -

_voltage’dropnaloug the long p region which runs horizontally across the

chip and forms -the sources of the output MQS transistors. The source cur-
~ rents’ flow along this p region and off thechip to an external ground |

"o via the SOURCE OUT connections. -This p region lies between the drain - -

,a regions‘of-the'output switches and the memory capacitors to minimiae o
. spurious PNP transistor action as described aboVe. The regions at the
-gttom'of the'chip and'shaped like'inVerted Ul “are the‘gates of- the
output MOS tranS1stors. Between the legs of 'the. U's are the connections _
to the. drains of the output devices; these are. connected through the pack- o

oo ,.age leads and Optacon wiring to the blmOrph center conductors.\ These ) "o

drain regions are\where the holes are inJected which cause the spurious
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PNP problem./

Only through very careful layoﬁt and des1gn of the prOcess
7

was this. problem solved.

. ‘ e

The .

roughly square depress1ons are the.contacts between the metal 1n—-

F1gure 4.8 shows a view of one stage of the sh1ft reg1ster..

small

.

-+
terconnect1ons and the p. Msource and dra1n reg1ons. The large depressionsr'?T :

are gate reglons.' The” metal pattern is- m1sreg1stered sl1ghtly hlgh but .,

" the dimensions used in the ch1p geomet?y are suff1ciently cohservat1ve
%

to allow,for m1sreg1strat1on of th1s small a magn1tude@ It.1s-
-lmpossible to'obtain perfect registration of the various maskrlevels of

an integrated circuit; the design of the patterns must allow for some

Ca . . L . H . . .

- misregistration,

i

' E ,_ﬂ . - . . L ) Cn
o ' B _
F1gure 4.9 shows a portion of the’ ch1p which 1ncludes parts- of the ™

¢ memory capac1tors, the large source reg1on of the output switches, and

the\Urshaped outpuw MOS trans1storsew1th« _ —dréln contacts between the .

legs of the U's. F1°ure 4.10 sh0ws a highly-magnified reg1on where\\m
regions adjoin n-type .
If T

adjacent metal runs eross steps foymed where p

regions. The metal flows smooth across the steps as it should.

the metal coat1ng is too th1n or the runs too narrow, opens may occur
] - .

at the\’geps, causlng funct1ona fa11ure. " If the metal runs are. too.

close together,‘fllaments of metal may br1dge the gap, caus1ng short

C1rcu1ts. "The lumps on the metal do not detract fromﬂ;he operat1on of

the circu1t. The m1croscop1c egam1nat1on of the chip 1nd1cabes_that
its geometries‘weﬁe'COnservatively'designed,
A P .

A$° that yield problems  +
should not arise from this‘qnarter.A : . '% o

. e

The cost of- qhe b1morph driver ch1ps is $15.35 per packaged circuit -

‘in lots of 1 000 yield data ‘were not available. §1nce the Optacon

, uses 14. dr1vers, the/cost of the’ b1morph drivers is $215 per Optacon vs -
$75 per Optacon for the s1l1cdn retina ch1p. While yield f1gures are
vunava1lable, it is reasonable to assume that if the Himorph system o«
could be redeslgned to, 1ower voltages and to avold ma%s1ve injection of
holes, the cost of the b1morph dr1ver.\h1ps could\u:s1gn1f1cantly -

- - . .
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-4.1.7 Circuit Layout P S A
- ' ' ' ST " - N )
o Ihe printed circuft. boardv reveal several minor deficiencies. '
& ¢ b ) Y [

L - ! ‘\

4.1.7.1- Printed Circuits

While the printed conductors are separated sufficiently, many of

the printed board’ notes are unacceptably cldsé to-the adjacent cond ctors

. and can be’ expected to short out many boards to’ bring down the PC bOQrd

“yield and therefore, force up the price A case in point is the ' NORI"
as shown). -

. * i . . ’ . 4, a ; - -
Military specifications do not permit the sharp angles on conductors‘
. as uséd in" the Optacon, but req ire'rounded edges. The”sharp angles

" reguire more stringent conrrol in the etching proceéss an# are more suscep—

tible orrosion. ' RIS i
"4.1.7/2 Soldering L o

//' Board design requ1res soidering “on- both sides Jof the pr1nted circuit

“board . This fact provents fully automatlc soldering, thereby raising

. - 7 . nb . , . ‘ 'L A
costs. . . ' - - S
N An unusual and costly method of interfacing one board to another o F )
! is used for boards TSI- 02001 007 and ‘TSI-02001- 001 "The boards are
R ;' connected by 18 metal'ﬁstllts that are soldered to @ach board. .This .
N o configuration not. »only takes costly manpower to assemble, but in order
R to repa1r nost cémponents on either board the 18 st11ts must be ' )"
\ .
~ . unsoldered and resoldered after the repair. o ¥ '
S ST 4-24" -
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4.1.7.3 'Qg@ponengjguggg

Sockets are used for the RCA,CMOB Integrated Circuits (IC) and the

Dual In—Line??ackages (D1P), but not for the other DIP's or the transis-

tors. The sockets were probably'nned for the CMOS because of that logic

family's 5usceptibiifty to damage durtng installation. The use of sock-"
uts;for-the CMOS circultry proves that sockets are acceptable; they
‘should'bCAuscd for the other DIP's and some of the transistors. Sockets
allow 1.C.'s to be placed into and removed from the circuit without
woldering.® This feature ;ould add very little initial cost to the in-
strument and.oould reduce the maintenance coste,involved in reslacing
components (a complicated process for some bptacon compqnents as men-

fioned préviously).

. . .
o

*A standard practice involving socketed components has been violated
in ‘the Uptacon in order to ease printéd circdit layout. Normally, when
a number of componcntq are socketed in a group, they ace referenced iden-
’tically to prevent- orientation confusion in replacing the IC (so it won't

be plug&ed in backwards) Board TSI ~02001-Q02 ignores this convention.

The 24 pin integrated circgit flat packs used on Board TSI-02001 001

are difficult to solder and would be simpter to install and replace if
they were repackapcd into a DIP configuration.' The leads on both of the
flat packs appear to be unéeaqoaably close to the conductor plane below

them. Again a DIP is qugpeqted or. d modification in the printed circuit.

v G

Some of the dual inline packs ‘oh Board TSI 62001-005 are the ceramic

. packdgcs (as opposed to the plastic packages used elsewhere) .The 'cer-
‘dmic packs hqyc more rugged specifications and also have a higher price B
‘(up to twice the cost of the plabtic packs).” The ceramic packs are not

. needcd in -the. Optacon but thcxr q&épination would only reducée-the gost
blightly. o . . ‘ . : '

. On Board TSI- 02001 005 a .1Mfd capacitor hg§~been 'tacked" onto the
board by soldering to legitimate board components. The printed cﬁrcu1t

should be modified to accommodate this component.

» - . »

- o . ~4-25 . L,

B

F-C3435+,, -

’

-

4y x

-




4;1.9 Maintainability

. . . S A, . F-C3435

4.1.8. Power Bus*Noise ° . . ..

It is very important in the design of a digitaluelectronic circuit
(as well as analog circuits) to provide adequate filtering and decoupling
of €the power buses-to miaimize spurioys signals on these lines which
could cause improper operation of the %ystem. Such spurious aignals are
commonly“referred to as “noise.", This problem is critical in high-spged
circuite where pulses a few nanoseconds long can cause spurious operation.
bortunately,\the Optacop 1s-a low-speed circult and uses low—speed digital -

lntegrated circuits' consequently, the nolse.problem 1is less severe. .

v

Notse ‘measurements were made on the power buses of the Optacon bearing
Serial ¥o. R507-012.° The reeults~are given in Table 4-].. *These noise

voltages are well below levels whicn(would be likely to cause malfunction.

v °

Field maintenance of the Optacon is .very difficult because parts of
the “circuit. are inaccessible for probing while the Optacon is in operation.

It is suggested that extender cables be provided so that the circuit

' -boards can be connected and operated while removed from the Optacon

housing. TSI has special jigs for testing the circuilt boards, but these

would not reveal a fault in- the thacon wiring harness.

~ While it is conceded that certain major maintenancé taske, eSpecially
those involving the tactile etimulators, are best performed at the -

factory, minor electronic repairs could easily bé performed by any o

: competent electronics techntcian, given a kit of toole, spare parts, and~~

the -extender cables suggested above, If Optacone come into wide use and
blind users become dependent upon them in, their daily lives, these
users will not be able to tolerate’ long periods of down time. The ability

to perform minor maintenance 1oca1ly'ehould not be precluded simply

“because some of the compenents are inaccessible during normal operatidn..

- " . e .

N \

R ~
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Table 4-1. Measured Power Bus Hloise on

- ~Optacon Serial No. R§07-012. -
BUS DESCRIPTION OF_NQISE . NHERE’ﬁEA.S.iUBED” w7
45V 30 mV pk. to gk., rep. rate twice V Pin 1 of 1ntegrated K
- master clock frequenty , ~ circuit A" E
. -7.5V Positive 'pulsé'llO mV x 16Q sec Pin 7 of integrated,
once every 4 m sec, which is the circuit D -
timing of the 0 pulse.” : L.
-19v : Positive pulses alternately 50 mV Megsured at test - ot o v
and 25 mV high by 4 ysec wide. *point Vs,_ . . ,
Pulses. are synchronous 'with the , _ v o
: (bl and (62 shift register clock- o 4
pulses. S _' . '
~45V Genernl hash approximately 20 m\{ Output end of R14, ’ o
L lus positive spikes of approxi=, - a 22 Kilohm resis-
S mately 50 mV spaced at 80 usec. tor ‘
i . L4
) ) /
s * e
/- [y
/ . .
O d . < \e . .
) st v T ' .
. 7, : v
B %‘ . ) - Y
].]See.TS'.I Inc., documentation, Circuit Deseription of. the Optaéon 5
Model R-1B, 5 June 1972. _ ) ‘ » o,
. - v ’ .. . o . , ) . XN
- o v AN
AN
) e

e
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“4.1.10 Documentation

-~ - . C Fe£3435

’
> .

" The documentation of the Optacon is satisfactory: It includes de- ,,

tailed circuit and timing diagrams so that minor_field maintenance and
testing can be performed by qualified technicians. Major maintenance,
such as replacement of a bimorph requiref special jtgs.. This must be ,

cunsidered a factory repair., ' . /

4.2 VISUAL DISPLAY

4.2.1 ‘Genergl Comments

The design of the visual display is'straightforward The display
is connected by a cable to the’ Optacon during training Sessions to pro-
vide a visual display of the tactile image being presented, to* the blind
uger., Several Optacons and the display can be slated to a master Optacon
bv means of interconnecting cables. The connecting cable and a.c. power

line of the display are permanently attached and cannot be misplaced
4.2.2 Electronic Design e

The electronic desipn is straightforward: and can be- thought of as
a camera in reverse. The display itself can be visualized as a grid of
b wires representing columns and 24 wires representing rOWS.‘lA.light-

emitting “diode (LLD) is connected betweeri a "colum" wire and a "rowf

. wire at-each intersection of the grid so that when a "row" is connected

to ground and a megative voltage is applied to a "column," the LED,for"
that\row and column is turned on. There are 144 such LED's.'
o e
The display contains its own power supply. The primary power comes

_from the commercial lines. Since the display is normally used in clasg-

rooms and demonstrations, battery operation is no* required”and was not

designed into the unit. The unit draws a minimal amount of power from

‘ the Optacon into which it is plugged to drive twovbimorph driver circuits

which are used to scan the rows of the display. ‘A small amount of power
at -7.5 volts is also drawn from the Optacon to power a CMOS circuit- ‘
in the display.

.
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R possibility of reducing circu1t complexlty in one part of the, circult\

¢ ! .h B /

‘ , : . F-C3435

4

Tuo bimorph driver _chips. are used to scan the rqws of the display,

.one for the odd rows, one for the even. A DATA IN sig al;-cdhsisting\of

i

;lits once -

eve/y clock cycle. The pulse ‘eomes and goes while the "1" level remains

a negative pulse, is applied to the\DATA IN pin of both C

on aw)/particular stage of the circuit. The corresponding row of the
display grid is consegucntly grounded for apprbximately 112 micro— . )

seconds (through a pair of external buffer transistors). Any LED on

that row for which the column wire is held high will light for 112 micro-
seconds with a duty factor of slightly less than 1/2512 \Bolumn data -

arc brought into the displax via six wires. Each wire is coupled to a

column grid wirethy a pair of bufrsr transistors. : _ S

-

4 2 3 Integrated CifCUits

\

.

The display uses two Himorph driver chips identical to the ones

described in SCCCIOHQA.I.&. It also uses one commercially available
Tt S BN ‘a R T~
CMOS chip.- T -, T : :
é& - v
4.2.4 Documentat1on _ : | A . ;1

.

The documentation is sufficient to permit field maintenance by

qualified technicians A . ;;' ' N ) ..'x

4.3 CASSETTE TRAINER S .

The:cassette tralner was not evaluated in detail because only
k]

relatively few of them are produced, and it is a training tool rather .

than a device to ‘be used by trained users. . ,

- .
e

During a- conference with TSI this evaluator pointed out the

Most of_the problems with thé trainers have‘been méchanical or electro-

mechanical rather than of an electrenic nature.

S S

Tbe frame period is 25 clock cycles, 24 for shifting the "1" level
through the,shift registers plus one idle clock cycle used for ) .
synchronization. O . - ’ :

:
" - ~
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. 4.4 RECOMMENDATIONS . ¥

4.4.1 Immediate Changes

The following changes are recommended in the present generation of
Optacons: . /
T, Shockproof bimorph pins. Either make the pins of

tnsulating material ’f pr put insulating sleeves on .
the bimorphs. T -
e, ‘ . ; ¥ .
b. Seek a better packaging yield on the reti: higs. .
_ A 50% rejection rate due to packaging seeu. )
‘(", excessive.

c. Provide a. field maintenance kit including extender
cables.

d. Redesign printed circuit boards to eliminate proximity "
of notes to circuits and sharp bends in circuits in
order to increase production yield.of circuits and
to minimize’ potential hazards of shorts. )

e. Redesign boards so all soldering is acc0mplished on one .
side of €he board in ‘order to accommodate fully . oo
automatic soldering. ' )

f. Eliminate 18 metal "stilts" connecting boards TSI—02001 001
-and 7SI-02001- 007 -

g. Use I. c. sockets throughout for ease of repa1r._

_ . h. Replace 24 pin flat pack I.C's with DIP configuration. T
1 S Replace ceramic packages with p1a3t1c packs, Lo _ ;

i. Integrate the .1 Mfd capacitor tacked" onto board
TSI~02001-005 with printed circuit.

-

.

- 4.4.2 Future Changes . oo
.. - ) E ! : 4

] .

The following changes are recdmmended in any redesign of the Optacon

- which may be undertaken rn1the future:

~
.

T .. .a. .Correct the frace problem described in Section 4.1.4
b. .Use 'a self-schnned camera chip to reduce the number
of wires im the cable. It is understood that such _
a Chlp is planned for the next gerreration of Optacons. ' .

,/' . c. Expend further effort to reduce the voltage requirement - \
and complexity of the bimorph array. This subsystem '
currently contributes” approximately one-third of the
cost of the Optacon. e :

' 4=30 -




testing indicated rhat the units_have a'long lifeN

- 3 .
environmental extremes.

5.1 NORMAEAUSE = -

0 : . -
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‘ ‘; 5. OPTACON MEggANlCAL EVALUATION s’

e v
N

The Optacon has been evaluated for its ability to withstand ndrmal

‘//

use and antiCipated_misuse. Anticipated misuse includes anticipated

w, "

i e
L&

Operation of thé

in "the laboratory‘through ife testing © The Tesults of the‘life test
are-presented in Section 7. l ) N )

Forty-six Optacon units were'

R

Aced in‘}AQious schools for the blind
The results of these field

tests are presented in Sections 2, 8 and '; s

. . A * .

and operated by ‘the teachers and students.

In general, the operation of the Optaconf

nder“laboratorynlife N
gpectancy. However, in.

field testing, the failure rate (mean time betweenx'ailure~MTBF) was .

approx1mately 41 hours (see Reliability Section 8). These facts suggest
that the Optacon is not "ruggedized" for careless handling o

C - 4 A d
@ .

Forty—one hours mean time between failure is not considered accept—

-.a\le for this type of instrument. 1f this figure is fealistic, some -

re sign is required to improve the reliability of the unit under normal
use nditions. ; : S . '

A\najor problem in normal use is'the sensitivity of the vibrating

b'reed ariay to weaft and to«foreign matter introduced into the small reed

openings. This is a result of normal contact w1th oily and dirty fingers

of the use s




ot
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.

Another major problem155sociated with normal use has been stripped

camera“thumbscrews A review of the thumbscrels design ind}cates'not“

(N\enough thread engagement for ‘reliable operation. It is?reconmended that

-

»

‘the thumbscrew be replaced by a commercial spring clip for- in¢reased

' reliability and lower cost.

S e .

=%’ A number of failures occurred during field testing. The'service

records 1ndicate that the units had both mechanical and. electronic fail—,

ures. No one unit had the same recurring. failure, but some units had

more - than. one failure. . N

The mechgnical failures listed bdlow occurred during field testing.

Fhese failures were not attributed to ‘abuse or misuse but were considered

as failures during normal use. The failures listed in the field reports

Y

" include; ' ' o : ' <

e Stripped thumbscrew

. e Bent stimulatdr pins ' ! /

e_Loose camera brackets . .
Loose camera mirrors
Loose control knobs

Loose mirror brackets

e o -0 o
.

Loose camera zoom butten.

5.2 ANTICIPATED MISUSE

The Optaéon field tests-indicate that the thacon is not as rugged
or durable as des1reda‘ ‘Also, the unit is not adequately designed to ‘

w1thstand nuisahce type failures.

-~

Recommenda*ions to improve the Optacon s ability to withstand anti-

cipated misuse are as follows. - o
‘y, . ] - .
‘d Housing should be fabricated of .a high 1mpact, energy absorbing
plastic, . .

e The present Op;acon is heavy Reducing the weight of the Optacon
would improve its ability to withstand falls

’ x

»
.
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@ The léns retainer should be redeslgned to provide a positive \
~ lock on the lens elements to W1thstand shock loading.: 2

. e A stronger adneslye shoadd be used to cement the mirror to its

mount. The present epoxy 1s not strong enough to withstand
shock 1oading.

-

R - e The camera cable should be reinforeed. It should be spring—colled
to reduce its -normal ‘length and make it Jdess prone to sharp
bending and accidental snagging. A stronger cable strain relief
at both the camera and Optacon ends’ 1s desired.

e A remoVable cover plate should be designed for the camera to seal
* the optics against dust and moisture during storage and carrying

® Rubber feet should be added to the chassis to lessen chances of
1 sliding .off a table or other surface. - S o .
- N =
e The leather carrying case has protrusions that .are susceptible to
accidental spagging on foreign objeces. A smooth surfaced
carrying case should be provided.

— " . ' (VY

5.3 ENVIRONMENTAL TESTING

. -ﬁs\x The Optacon 'was- tested under various environmental conditions to

determ1ne its ability to withstand extreme heat- and cold, ‘low pressure,

methanlcal shock vibration and thermal shock. The test procedures out-.
lined below cover the specific details of these tests. A ‘summary of the

test results and rccommendatlons 15 presented in a latter section of

this report. . % S . » » . N

~
-

Prior to‘proceeding with apy of the test methods, the test item was
operated under standamd ambient conditioas and a record made of factors

Cwe

, necessary to determine compllance w1th the required performance The .
test data include 1aent1€’tatlon of Eest equipment and accessories as
well as the actual test sequenct. Test condltlons werq- ecorded perio- .

dlcally during the test perl%d. S ,

. '\\ _ ' u‘ . v

- 5.3.1 Altitude Test o ' o
. o \

+

5.3.1.1 Purpose

" The altitude test was conducted to, determine'the effects of reduced
pressure on the equlpment such as would, be encountered during sh1pment

I ~ in airplanes or operation at hlgh altitudes.
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/{“v' . 5.3.1.2 Procedure . | VOISO

’ : : . -

S The equipment was. placed in an altitude chamber and the pressure
q\;”\S’=‘ lowered to -30m. Hg or 260 000 feet above sea level. The reduced pressure

N

~was held for one hour. 'The chamber was then returned to normal pressure

-und the Optacon operated and inspected for damage.

5.3.1.3 Resultd . . SN :
\ P, Yo o
' N t melhanical or electrical failure occured and the Optgcon

. Wis satisfactory performance after the test was concluded.’

> } 5.3.2 n . perature Test

5.3.2.1 Purpose. o _ R — N\

Fhis test was conducted ‘to determine the resistance of equipment to .

L § elevat(.d temperatures as may be found either in storage or under severe

-service conditions. ' ; ‘ .

-

.S;j‘Z 2 Procedurg

~ ¢ . . . .

L - _ The Optacon\was placed in the temperature chamber and the chamber

-

temperature raised to 160° F and held for 48 hours while malntaining the

e humidity at 15%. After'the1e1apsed time the chamber Wwas cooled tb amb1—.5 o
oL _ entiand'the Optacon was allowed to cool. After‘cooéﬁng'chet0ptacon was - .
operated and inspected for damage. ’ 4 '
- . t . . . . . . . ,
_ . ) : . <
" 5.8.2.3 Results L ' L . ®e - :

., After 48 hours of - _exposure to 160° F the.Optacon suf fered no apparent
_mechan1ca1 or electr1ca1 failures and was ]udped to be in satisfactory
working orderf \L , ’

- L ’ \ o, : e °

' 5.3.3 . Low Temperature Test . L o
. 5.3. 3.1 Purpose L ' T o
The purpose of the low te‘perature test was to determine the, eﬁfects
i of low temperatures upon the equipment during storage or transportatlon.
: ’ 54
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5;3;3.2‘ Procedure . ' ’ : ' *

The Optacon was placed.in thé temperature chamber and the tempera—
ture lowered to —30 F and ma1nta1ne&\for 24 hours. The chamber tempera—

ture was then alloﬁeq to r1se to am&%Ent and the Optacon was given

f sufficient time tqn;each amblent. The’ OﬁEEEBﬁ‘EEE—EES: operated and

. inspected for damage.

- AR v

"5.3.3.3 Results ., . : ,

5.3.4 Temperature Shock Tests o : o

3 Coled s

The "Optacon experlenced no failures during th1s tgstJand was in

A

perfect 0perat10na1 order afterwards. . .

~—

5

5.3.4.1 Purpose " S '-N~ ‘; o : nr .
This test was conducted to determine the effects upon the Optacon -
of sudden- changes in temperature - of -the surrounding atmosphere.

.5.3.4.2 Procedure 'A R ) . .

The Optacon was placed in the test chamber ‘and the temperature
raised to 75° F and held for two hours. Next the chamber temperature )
was reduced to —30“ F and held fbr two hours. F1na11y the chamber. -
temperature was ‘again ra1sed to 75° F and held for-two hours. At the
conclusion of the fiml- test the chamber temperature was returned to °. -’

ambient and the:Optacon given time to cool, After cooling, the Optacon'
[

ot
1 4

was operated and inspected for damage. . - ’ , N

- . ) T,

5.3.&.3 Results

© - v -

The Optacon suffered no failure as a result of the test and opera—

‘ted perfectly afterward.,‘

. . , |
5,3.5 Vibration Tests - - . S -
5.3.5.1 Purgdse : .  f“7\ ; ' i

A

- The purpose of this test was to s1mu1ate the v1brat10n 11ke1y to be !/

encountered daring unit shipment and to determlne its effects upon eqU1p—
. CF - N
ment operation. B s : v .

e
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5.3.5.2 Procedure ' . V ‘ o o ‘.

The Optacon was secured to a. vibration table and the vibration, level
set to 31mu1ate the conditions onboard a p;opeller driven aircraft. This
Vvibration eve1 was maintained for four hours. At the test's conclusion L

the Optac n was operated .and 1nspected for démage. P
5.3.5.3 ,Results 'u '7 o ‘: i, : N

. . 3 . . . N - N

The Optacon suffered no damage during this tegt and was in satis- = .
. . I —
actq\y operational order.‘ . _ | - | o . : ,\\\\
i . - . s
5.3.6 Mechanicaj'Shock Tests “
5.3.6.1 Purpbse ;;,;' EE ' ' a » LT L
\ @ . N A .t [t .
/’r—///ihe shock test s1mu1ated medlum 1mpact 10ad1ng which may be’imposed.
J
upon the Optacon durlng shlpplng and hgndllng _ SR '
5% 6 2" ?rocedure
The Optacon'wa aced in\normal position on a ﬁench,.aediuSing one '
edge as a pivot, unit wag tilted unti&\the opposlte edge was at 45° O
~with the horlzontal or four inches, wh1cheverccame first. The unit was W‘Q
then allowed to drop freely to the horizontal., The test was repeated
. )
u51ng the other practlcable ‘edges .of the same horizontal face as p1vots
.for -a- total of four drops. Then the ynit was turned ups1de down and-the
test procedure repeated. At the conc1u81on‘of the eight drops, the
'Optacon was operated and 1nspected for. damage. S _ : B

’ . o ) . o L . .
5.3.6.3 Results . . . ‘ . L “
« The Optacon was not damaged by th1s test  and operated perfectly '

.afterwards.

,5_.'3.7 Recommendations . o R
T&e Optacon has w1thstood the various mechanical tests very well - N
'1nd1oat1ng all materials and/components used are capable of withstandlng

no further recommendations for

ant1c1pated environmental extr - In view of these results we have;>_ .
I\
ikproved deSJgn featurcs with regard to

w1thstand1ng ant1c1pated enV1ronmenta1 extremes - v, " .

o

5-6 o
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- .7+ “6. PRODUCTION COSTS.©¥ = o
© 6.1 GENERAL ANALY}SIS"- R SR N T
\ o - . : DR S S, : AN L

The pr1nc1pal sources of production costs are the product spec1f1ca—“
tions and . the manufacturing procedures. These items” are ‘interrelated.
A change in spec1fications can affect the cﬁst of predyction. Instruments
‘such as the Optacon requirexa great deal of effort to’ m1nimlze “the pro—

duction cost. The d1scuss1od below 1nd1cates potential ‘areas of cost
" T - S o o
reduction. Ca . Ty \w;ﬁ_.u '“!,r;' . \f\\A“

&
. . . ES
u - N N

6.1.1 Product Spec1f1cat1on T M

Toe ve .t
3 [

Manufacturing costs related ‘to product specifications are\pumerous.
Specifications affecting costs ‘include tqlerance, f1nishes; materials,

fasteners, surface embellishments and the use of standardized components.

-

- e . . “'.' N

. . _’. .:' ) . f

.h.l.l.l Tolerances . . . - . : .. ‘.:\&ﬁ
Precis1on components can be difficult am expensive to manufacture. :
4 They require additional setJhp time to machine,. slower mach1ning time Mo

and costly’ 1nspection proc?::res to determine whether the tolerances are

: being‘held Tolerances on“all dimeﬂrions should not be more restr1ct1ve

% .
“ithan #.01 for low cost machining. A tolerance of +,005 is good practice

for items. that require d1mens1onal conhhbl ot lend themselves to machin—_
rf P e BTN ~a ‘ .

ing 1n accurately controlled ]1gS, holding fixtures or numer1c controlled

equ1pment.lQThe tolerances specifiéd on the Optacon draw1ngs are normally

' .+, 010 andm+ 005 These are cons1dered ‘good eng1neer1ng practice and are *

'not over- restr1ct1ve d1mensional control Examples of restrictive

tolerances which can be opened up are noted as follows. : " J
: Drawing - - - - p_i._m_m__s}gf o
: Rll004—A Contact.hutton o , Headheight of .605 E'.001;h
RI0019-A  Leaf Spring Contact Radius .325 + .000 - .002 |
‘:-6—1'.. . ’ .

2 N A
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_.most iths with the excePtion of such operations as shedring, stamping,
., Saw Lut;ing and rough mdchining

vnicroinches can be specified on any component used in the Optacon with-

mization. : o -
N = ’ : . .
. - . . '. v . . . . r-
- 6.1.1.3 Matérials S N : .
——_l"' . - T . > . ’ o ‘

'aluminum brass, nylon, glass,

Thcse are all readily obtainable, low cost, ‘and easy to’ machine. The
~
part configurations are- such that a minimum weight is used. Produdtion
The

. only further reduction xn‘costs {hat could occur would be if some of the

LT e - . F-C3435

R1ID18-A  Slider- Block
02049-P-A-B - Thumbscrew

$lot -Depth ,035 ¢ 000 (impossible)

Engagement Length 313 2 .002

b;l.I.Z Surface Finishvs ' ]
~ N a
btandard m@thining prattices prow&de acceptable surface finishes on

.

2o

“ AS 3 result, a surface finish of 63

|

out inturring additional productjon cost. The specification of-a 63

microinch surface finish is accepbed as a cost and quality control opti—

Uptimization of production costs dué to materials is based on the .
utxlization of the most readily- avaiIabﬂe mater al in\a configuration
of minimum acceptablc weight. M terials used /in' the Optacon include

and crylnnitrile Butadiene Styrene(ABS)

costs due to‘materials on the Optacon have befn\well optimized

components such as the cha351s base were molded out of a plastic instead

o’,fabricated,f?om aluminum. A slight sav1ngs in materials and fabri-

// /‘

61/g4 E?_S_t}ﬂeli

S

Fasteders can add significantly to production costs. The’ most
ffective optimisation of fast@ner fosts is to reduce their 'number.

Elimination of faSteners not only saves material costs but 1essens fab-

a
¥ i o

rication costs by reducing the number of holes drilled:and reduces
assembly COStS(by reducing the time required to assemble components.
The Optacon-contains a number, of fasteners,that could be eliminated.

R TSN ' Ca s
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-ln’particular the number of fasteners used in th¢ camera could be signi-

o

ficantly reduced'by using molded camera components. In this way manyl
parts could be combined into singlc elements, Likewise several of the

chassis screws could be tliminatéé)hx moldirg the: chasSis and cover.
‘ L W R o

'6.1:1.5' Surface Embellishments N - : : ' .

. *

dditional production costs are incurred when secondary surface
treatment operations‘such as rounding corners, painting, anodizing,, and
polishingAarerperformed. The Optacon has various parts which have been
‘ treatedA&n the‘above manner, For cxample, the chassis and cover and the
\camera‘hOUSing‘are all of anodized aluminum. The uses of such surface
treatments in' the case of'the Optacon have not been foeund to be excessive.
= There is a definitv need for all apparént surface embellishments on the -
B _ Optdcon par&snand thc additional production costs are not severe as fone '
‘ of these trcatments is - very costly and they are used only on .a minimum

numbeg\of parts., .~ : N - .

=

\5\\ 6,1.1.6 Commercial Parts . ' - . )

Substantial savings in fabrication costs can be realized if off-the-
v . shelf commercial parts are sib\tituted whenever possible for in—house
| fabrication ) CommegCibl-ucndors can produce cheaper parts because of
- their large QQ}ume production and specialized tooling and machining tech—
niques. The Optacon possesses numerous commercial parts, such as the
. m‘a’jorit» of electronics components. Aside from fasteners, the mechanical '
.5" aompnnents are all customefabrications, and . there are only a. Pew places .

e used. These include the control knobs,
' e .

where commercial parts.could

' 6.1 .Z\Ma'nufacturjng" |

v Manufacturing co:;% are dependent upon\the type of tooling and fab~
rication techniques ugedes Tooling and fabrication techniques are in

turn dependent ;Pon the.production volume, Small volume production oo
. ' ] . M‘l’ »’ -

. . ) . "‘" o .
\‘: u."- . )
-3 SR




[

o

6.1.2.1 Tool’ing«'v - o

. R F-C3435

v

cannot justify wlaborate S;oling or the-use of Specialized fabrication

techniques such as a stamping p}ooess. The Optacon production, with its

, Projected volume of only 25 units per month and its inVOIVed aSsembly .
procedurcs, dogs not lend-itself to low—cost pro ction prbocedures.

However, cost” savings can be realized hy using special’ purpose tooling
A

and assembly fixtures and by reducing the number of component parts.

» N ,

-

-

bpecial jigs and fixtures can be used to rapidly load and unload
parts during machining and to provide automatic dimensional control
The Optacon -enen with a production rate of 25 a month, can make use of
such’ tooling to lower production costs. The use of jigs and fixtures a.
can. be justtfied for fabricating the chassis and cover, the camefa partq,
thc electrohid PC&o:;;ﬁs, and especially the stimulator array!’/,

Special
dies' could. also be justified to cut out the leather case and to stamp. .
ou}.light metal parﬁs such as the contact: springs. .in the camera housing.,
» - ‘*& . . ) ~
: . ' ' . ' ~'$Jl' £ ‘ .
6.1.2.2 Castings and Moldings ) . C

v

" Cast and molded parts are ;énerallyvch?pper tham machined parts
because many pieces can be produced at ape time and practically no material
isewasted. Production. volume does not have to be large as the tooling
can be made to accommodate ‘a minimum number Qf par:s. Thc Optacon con-

tains several parts which could be produced more economically by such

kprocesses.. For example, the chassis and cover could be of molded high

impact. plastic. - Likewise the camera housing could be made qQf molded

plastic and perhaps the optical lenses could be of molded. acrylic instead of

- glass. Finally the stimulaton finger plate could be of molded ABS. .

)
[]

-

'%.1.2.3 Stam'in ‘ ‘ . " N S v.V,
{ z : gl P -

Moderate numbers of thin metal«parts can beoeconomlcally produced by

. using a stamping process. Parts can be produced complete, w1€h holes in t_

‘one operationf”EVen specially shaped holes can be stamped :Several_
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- components of the Optacon are amenable to this process. They include
- many of the qtimulator pleces and the front and rear cover plates apd

the contact springs in the camera.

6.1.2.4 Special Machines .

The hse ofrspecialized production machinefy can be jdgiified. ,Such
. equipmenthas automac;c écrew machines, Numeric Controlled(NC)- milling
machinea, and turret xathes are'va}uable in reducing costs'on production
] volume as low as 25 per month. The advantage of these machings Jies in
their ability_to’prov;de rapid'metal‘removal and dimensional éontrol of
~ parts.~ Several of the Optacon parts can be produced by an autonatic e
R screw machine and the holes in the cover and the\cha851s can be gang » ' e
dril}ed Likewiqe, the va;ious standoffs for the PC boards and several g Ot
of the control knobs can also b p oduced by such equipment. ance the . =
Optacon has only a fewdparts amenabl ‘to such productlon .techniques, ' A
the production cost savings will be stpall but still worth golng after -
for ultimate cost optimization.: . ‘ v e
SN o L
6.1.3 Assemb]y S | -

The majon contributlon to producrton cost is the assembly, 1abor

\The amount of 1abor involved depends upon\t he foilowing factors.:.

The\\ype of product;on line used; \ ) A . .

A T . L]

The use of speC1a1 assembly machxnes and toolxng,

<

The number of pieces to assemble per unit;

_The difficulty of assembly;

The amount of testlng requ1reda~

Examination of the assembly procedures of the Optacon can rebulcﬁ)h LUbl

savings as this device lends. 1tse1f o several cost saving procedurcs.
e . : { .
, .

- 6.1.3.1 Production L1ne : \d N _ : &"

With the production rate of 25 a month an automated production line
" . - . . N
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would not be economically feasible. Homever, a multiple station assembly

N ‘llhe would be feas1ble. Various sub-assemblies like the: PC boards, :
stigulator array and camera could be individually assembled and then all
parts brought together ‘for final assembly and testing  at the appropriate .
: ;"bime. *With a multiple station arrangement, workers could be trained to 7

assemble each component  in the most,efficient manner with a‘resultlng

S}
)

g cost savings,_ f} ' -

N .
o
-
. . .. . v
¥ : .

6.1.3.2 Assembly Machines and Tooling

. "The use'gf specialized assembly machines,‘fixtures, and'tooliné'canen
| save considerable costs.‘ These devices make asSembL;‘much\easier for
the worker and consequently increases his productivity. The Optacon has

several sub-assemblies which would be amenable to specialized tooling.

~ These include the PC boards, the electronics and especially the stimulator
~array, If spec1alizedotooling can be. found for the stimulator array,
oduction costs could be substantially reduced. A large part of the

. ‘total production costs of the Optacon lies in the assembly of the elec~

tronics and stimulator. The use of special solder tools, jigs and, minia—' e

' N turc tools’ can provide significant cost, reduction in the assembly of |

thcse components,. _,

6.1.3:3 Numbek of Pieces - ) . s

. which must be care ully assembled for reliable operation. A reduction

S of. the number of pieces would be“economically advantdgeous and would provxde

greater‘reliabilityu ‘Much of the electronics can be reduced by using - -

- integrated circugt technology with minature, specially designed, circuit

~ chips that. rep}ace numerous standard components. The stimulator arrdy |
R also- consists of a large number, of tiny and delicate parts which are ;
| difficult to gssemble,; Reduction of the pieces in the stimulator array '
"is not easily accomplished. A complete redesign would have to be done,

L requiring an extens1ve development program.

’




ERIC -

Aruitoxt provided by Eic:

.- F-C3435

3.

. 1 3. 4 Assembly Dxffxculty

- )

Production costs are greatly influenced by the difficulty of assembly
Pdrts which are Qxffxgult to mate because of poor de51gn or are small
and delicate, require Tore ‘time to assemble than larger parts. The Op-
chon ‘contains many parts which present difﬁiculty in asSembly. fhe’
stxmuldtor arrvay is a good example. Not only are ,there many parts but
“each ong is rather small and d1fficu1t to put together with ordinary
tools. The use of bpetxal Jlgs and assembly tools should aid. immeasurably

1n sxmpleyxng dsqcmbly . &

‘o . o, . &

Uthb areas in wh1<h assembly is dlfficult are che camera and’ the

‘ ulLLtroniL w1r1ng ‘ Abscmbly Di\the camera can be 51mplified ) Consoli-ﬁ:f‘fsu

dating the number of, plLLES by using plastic.moldings will reduce the

-number of fasteners and will simplify optxcal alignment. Wn ‘
. . . o, . v‘ ~' , . """ .."' )
N . * . . . &
. . LI é
. . S . . e,
6.1.3.5 lTesting : . ‘ . AN [

Y Lot

As_an xnstrUment chomes more Lomplexh the amount of testing to

ensure reliability 1ncreases The added. coat due tq testing can be

[

LTI

_reduced by more reliable assembly technxques, xequiring tighter quality
Lontrol onocpmmerClal parts, and by- simpllfyxng aagembly. The “Optacon- ﬁ“
Jrequires sxgnlflcant amounts of tebtxng to ensure reItabillty. The use’
of asbembly jigs and mdthnes can 1ncrease rellabllxty pver manual tech-
n1ques of assembly and- tlghter requxrements on some of - the electronxc .
patts supplled by vendors can also increase rellab111t§ \At the present
time, many of tha.elechonxc gomponents ‘do not meet . specificatlons and

must be, tested before&aseembly. Tewer. assembly mlstakes such as incor-

- rect wire connections can be expected if the assembly were 51mp11f1ed by

-

reducing the number of parts.® - - ! . —_— -
- , . < .
. % ' N 0,‘
* - R
1 { . 6=7
AN - ; . ¢ .
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6 2 DETAILED ANALYSIS _ ] > Teoe
. A detailed review of the mechanital hardware of the Optacon haq
becamade. Cost saving rocommendations for each part are given below,

n'und they should be “used as a guide in the production of future ugfts.

[

o~ BN .
\

) ) : ] . 4 :
L 6l2.1 4Deta11ed Part Review o S ) |
: “ T, ' ‘ -,
. The following ie a part by part analysis of the Optacon with' speci— KKa
ti tOLOmmendatlan to lower. production costs. ‘ .
part . ) ' . ' *
I SO (5 Chagsis Base - - ' ) S S F
S (R10011-A) .y .The tolerantces on some of the switch
’ T e . mounting holes should be loosened.
e ’ o R The entire housing could be molded

_ of high impact plastic, saving fab~
. ' S b C " rication costs, eliminating some

" s - o : /. fasteners and ponsolidating the
. - ST _chassis bulkhedd into the chassis
L S b - bases | - : i ( B

2} R-1 Clrassis Cover

: (R10010-=A) _ The cover should be made of molded
, ' - L BN high impact plastic without over-
’ n =N : lapping sides to simpllﬁy design. .
* 3. R-l Chassis Bulkhtad Cw . R .
" (R10012~-A) ‘. . . This-piece should be molded integrally .
S * with the chassis base, saving assem-
C bly and fabrication labor.
. <. . ’ . ot .
4. Clamp, Battery—Mod T " ' 'f\. S v Y
- . (R11023=A) 1; /K:‘ o No change re¢commended. . R
. - . . N . C .
5. Namepl4te—Front ( . IR T ' -
(R10007~A) o The front nameplate, sheild be molded
) ' d N : ' integrally into the plastic chassis
. t - ' : o with raised lettering. If a metal
' ' 2 . " nameplate is desired, a cutting die §
, should be used to punch out the )
) plate. . .
. R ! . T : v ’ n
° o N 6. Rear Panel.

~ (R10Q08-A) . 7 . mo°change‘reco@mepded.'
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] .

-

8.

9,

10,

T,

!

.
12,

f

13,

A
[

fhumbscrew Anchor -
(R12002-A) . N

AR
S

Thumﬁscreﬁ Holdown
(02040-+P-A-B)

Clamp, Array
(RL0009-A)
S . ' DR
Stimulator Control Knob
(RllQOl A) -

5 ) i ' ¢ :
3
\ L )
n \ T ) \\\ -
Casing v /
* (R10018-A)

-
.

Leaf Spring Contact
(R10019+A) , '

Receptor Case
(R11002-A)

.would result. =

;one 'sktscr

. F-C3435

.
. -

This ‘part should be replaced with
a commercial spring clamp.

’ -

This part should also be replaced with
a’ commercial spripg clamp. Machinin&

.a qp:ing pin and ‘a threaded hold in

the camera housing wou
A more méchanically, re

be eliminated
tiabliﬁsystem '

N

A stamping should be used. to lower
costs over manual .cut ing methods.

e -

’

b

custom molded knob would also be
er. than_ a machlned kmob. . The
“'ﬁnb should have a keyed hole - .o
a keyed shaft. Only :
gg is meeded ‘and the knob -
will operat even with the setscrew -.
1dose. ‘The setscrew.should be. e

Loated with a sealant like. ”LO(liL(

¢

to prc vent looscnlnq. g

.o /v

"

A cheaper plastic molding should.
be ,used for this part.. This would
allow consolidation with the hayo—' 5
net sleeve T , i

, P

’ P

The leaf springs should be ‘economi- | "
cally produced by using the stamp- . °*
ing process. | , RS :

. . . . rE

' This part should be of molded plas--

“'tic with integral locking elements, |

saving fabrlcation and assembl\
Coqts.

o

T

*

' \
,

oo,

\

V " ThiX custom fabrlcatﬁgp should be -~ -
lrepla\mm by a cheaper molded ‘plaszy & °
tic co cial pointer knob. A* = .a
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. * - -~ S <
. L4, Sensor Mount
(R11003-A) .
M. . . I ’
15. _Contact Button L
(R11004-A) N

.

v

lb NZ24.9 MM KLhromat l.ens
(. 0"079 P=A=A)y * .

Locating Lug

17.
© (RLLO0S-A) . - -
; ,
v § ) L
LQ. Retina Cover €lass’ o
" (R11007-A) -
. 19. Mirror Mount
o (R11009-A)
¢
20. - Roller — °
. (RLLOL1-A) :

)

-

,Bayopet Type Sleeve
(RlLQlZ A)

.

<&

22. Leaf Spring Mount .
" (R11014-A)

First Surface error«
(R11017—A),

ae

" No change recommended.
" .This part can be’ eliminated by

‘Receptor Case._

S R \ R
The mount should be integrally = 7

‘No design changes are recommended,
" but this part should be produced

- and bayonet sleeve to reduce fab-

i

'NO'CHqgge is récommended for the

No ¢hange recommended »

- fasteners_and -assembly time. * -

- F-C3435

. “ r -t

A plastic molding should be used

to save fabrication;costs.

[ s Pre v‘
THe tight tolerance on the head-
height shQuld be eliminated’ as the,.
mating cogﬁacts are spring loaded,

. . - P
’ ' M

I3

- v

molding locking elements into the
™~ '

. - .
)

bq“

molded with the base block to

reduce fabrication costs and to
eliminate fasteners and aiignment -
problems. ) ,

on automatic screw machines to _ .
lower fabrication costs.,

.
.

This part should be 'integrally

molded into the plastic casing to -
reduce fabrication cost by elimina-
ting fasteners and assembly times -

o=

AgalnvEﬁTE‘paff should be- mdided‘
integrally with the plastic ‘casing

rication costs by elimlnating two

.

'

. X3
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24,

25.

26,

~ Zoom Button

_ (R11020-~A)

7.

30.
31.

32,

33.

34.

@

' g,
- Lens .Retainrer

Zoom Slideér
(R11018-A)

.

(RL1019-A) )
) e

’

Schoot Filter

(R11021-A)"

L.ens Mount’
(R12003-A)

Front-Roller Bearing Block.

| F-C3435
/ N\ ‘

[ o v e

. mirror, but a stronger -shock and

heat resistant ‘epoxy should be ™" ¥
used to.fix the mirror to its
support. .

.- : ‘ ,

e

A molded nylon piece is recommended.

S |
o The button should be made of molded’

nylon to reduce costd. ’°
. N A Y

N6 change recommended.
. . o - €T
’ . : : "~

" "This part should be redesigned: of
molded plastic to snap solidly’
into the lens mount to reduce fab-~
‘rication cosgs and increase relia-
b111ty . . .

[N

§- . : -
The lens mount should be molded
, - - integrally with the same slider. T o

.t o : . N

(R12004—A) No change recommended;'.
. A :.b,".". B v
Rear Roller Bearing Block ) o R © '
(R12005 A%’ o T\No change r¢commended.

Lens Spacer
(02061fP—A—A)

Base Block -
€02063-A-A=A)

Ssrain Relief Clamp

(02101~-R-B-A) «

Front End. Block
(R11013-A). -

-

- - A plestic‘moldedvgart‘is reeommended.

’

A molding or stamping is recommended.

A plastic molding integrail ‘with the
- mirror mount is recommended " Some A

. -~ of the tolérances .must be- loosened P
v -~ - for a moLged part . : T

-

kY
.

The front end block should be
molded integrally with the, base
< block to save costs. The tapped
hole for the thumbscrew should be
eliminated by using a commercial

»

. . ‘\~\\
\ he .
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. . ' ; k . \ : ) (/
. , ’ . csprihg clamp to hold the camera.
” , . ’ )
- 35. Dust~Cover E SN o \ : o .
o _ (02031-P-8-A) . yed metal covef would be

36. Vinyl Cover gﬂ;/[ T : 1:

(RlOQlBrAf ) LN The Polyvinyl Chloride (PVC) should
. _ 2 : be die-stamped to exact specifications
'Tx v A - in one operation, saving fabrica-
_ . : s . tion costs. ,
3/. 'top Plate he S T . ' ‘ .
(R1001-A) , : ) A molded plastic plate should be-
v e _ -+ used to lower fabrication costs.
' Tolerances on the rectangular
, . hole appear over-ggecified.
A ) S B grier . N\
38. Spacer - ‘ D : B . e o o
(R1002-A) °  ~ - . A stamped spacer is reco@mendgd;
39. Stimulator Mount - - - . . . v . :
Yt . (02032, P-A-A) S A stamped’ part is recommended.
‘ Lot 40, Finger Plate L oo ' >
| + (R12001-A) . “A molded ABS part is recommendeg to
¢ ) ' - - r. v ) ellmlnate the extensive machining
; o ' i _ cost involved in the~dr1111ng of S

-

thL §44 holes.

~

. ‘ 41. Bimorph . ‘ - I N
e -, (R14002-A) . : - Ar desibn'of‘thib'element is'
? . : .
o ‘ - . - v "
g — S - Y I
‘ _ql § 4
| \ ' v N °
: = i T o
ORIV 6. 3 PRODUCVION COST ESTIMATE - R . ot

A reliabrp cost estimate for the, Optacon could not be obtalned by

#:
FIRL. ~The: pr1nc1pa1 reason is that prlces on spec1f1c electronlc hard-
!

ware could not be obtalned ‘ Also, a detailed estimate of* thé assembly

tlme, assembl?Tprocedures, and quallty control procedures is necessary. to

iable estrmate., his Lpformatlon was not dvallaﬁle to FIRL.

develop a

Tomt - " . . . -
s . ~ -7 L M . ol ) -
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.
ALLeptable [cost estimates on some of the components were achieved , How-*
ever, . these items do-not const1tute a 51gniflcant portion of the ‘total -
cost. - Approximately 2/3 of the production cost is, attributed—to the
cost of special electronic components and assembly of the stimulator <
array. Without reliable cost estimates of ‘these two major items, a

reliable cost estifate cannot be obtained. -~ ‘ R oL

¢
)

- A field trip was made to the production facilities fou the Optacon.

A review of the available draw1ngs was also undertaken. In general it °

is estlmated that a cost of $3500 to 1 $4000 per unit - is reasonable and .
reflects to a 1arge extent ‘man hours required - to assemble the unit. Any
cffort to lower production costs must concentrate on redesign of the

component parts to s}mplify assembly.;' ' . S, oL

o ; T . Y.

6.4 comcn.uslows AND*RECOMMENDATIONS LT e T

In reviewing the mechanical design of the Optacon we feel that T

extensive effort has been made to minimize production costs., Production

‘¢costs can be 1owered by using molded plastic parts 1n‘the camera and .
i / I
whenever poss1ble

- housing and by us1ng stamped metal part The savings'

resulting from such procedures will be o more than 10%. of the productlon
" costs. -Fully 2/3 of the production cogts lie in the assemb!’ of the
An'

" :stimulator and in the, e1ectron1cs effort to substant1a11y reduce .

producrlon costs will have to deal wi h-these areas. -

"As a result o%\cuﬁb ana;ysisrof

roduct}on costs, the following recom-, * .
mendations are made-to redude costs.

e Molded plastic parts should/be used in ‘the camera and. hous1ng and
'metal stamplngs used Vherever poss1b1e ‘ 5 -

e A major development effort/té simplify circuitry and the st1mu1a—
tor array should be’start d '

e The productlon rate should be increased to allow the - us® of more
%ﬁphistlcated toollng, fixturing and aubomated assembly devrees._

94 ‘ . " N . ) l - :ViA/‘\.
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.. 7. ,LABORATORY, LIFE TESTS

LUsLs were conducted on four Optacons, four Vlsual ot

labof’%ofv Iive

Hlsplay% and one . Ld%%ettc Iraxne " Thése" tests were desxgned to simu—

latoe aetudL use patterns and to . ce;irese the t1me scale in such a manner‘

as to realis Lanle s imulate ~extendpd usage in a manageable period of

‘time. .Steps werc,taken to ensure that‘crltleal components were vigor-

conditionsy

ously cxercised under user

o T
<
-

7.1 TEST RATIONALE AID PROCEDURES

- /
.o .
L
‘e .
.' - - -

®

A special Jlg was dGSLgned to hold and maneuver all fou? Optacon

\derd5 in a4 manner similar. to actu@@ use. The Jlg caused the cameras = »

- " .l

Lo COﬂtlﬂUOUbly move back and forth acyoss a qamnle page of prlnted

matgrxal with a downward prassure. de31gned to. emulate a -human operator

~..This meant thdt the rollers: were properly.operated and the camera was

Sample pdper was periodidyg lly changed so that '1fferent

ffigure:liizéhbws the tedt set-up.
_Figufe 732'sho&s RN

d reaP&gense.
clectrleg}.pathways were ehglted

Note.the ”thgL%)/%ld(Ld over - the bLmorph stlmuldnor

the casting used tu make the simulated. flnggr. Thelmdterial (RTV) was -
t
chosen for itsy rcasonable roprebentatlon of- the texture of human fleeh

A.

~

thc wel Ht of a fxnger v : : S .
& ‘ N ‘ . o

5:00 PM w1th no Lharglng and lracklng Life
0 AM The Weekend schedule was a

baily, Meekly and monthly test

st from 1:00 PM to
from 5:00 PM to 9

Life
wxﬁh (hargLn
cofitinuous operation with charging.

Daily Tests, werc -performed Monday throu"h

ocedureg were carried. out.

Eri?ay at 9:00 AM. When weePly and/or monthiy 1nbpect10n§ were duvg thgv

* were ,also performed at 9: 00 AL quq of OperltLon 1n varhous mOdth wan A .t
. AR}
. ) . 73 , et - n w ).:" :‘
- L [ LA — e . P .. TR -
L Fa . /\ - A T Lot '
: 71 ' o

T
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-

Lomments was recorded: Records were kept of comments directed at . '
spocific units,,

Ty

. 7.2 LIEE TEST RESULTS - . ) o

i ) . !

The Optaton and Visual leplay life tests’ were continued for approxi- -
- |n|\el» 100 days. ‘The Optdcons were operated onbattery power for a total
al 274 hoer and on. the ghargerjAC adapter for 1899 hours. The cameras-

were scanfied across the printed page at a rate of 6 inches every 5

-

suconds for a total of 209.5 miles.

A special electronic bench test unlt was purchased from TSI for
testing 1ndlvidua1 stimulators to determine whether ‘coupling exists
buetween ddjacpnt bimorphs. Coupling did in fact exist; however, TSI had
already isolated the problem and subsequently recalled ‘all unlts for .

repadr, . Tighter quality control hae minimized the problem.

o

The Cassette Tralnerdwas operdted for a tptal of 913.5 hours.
Failure was the result of the tape cartridge's stretching to the point

: whvrv it no. longer wound tight. It eventually‘"loOped" around itself

v

aad bound up. i
T . ) N (k B
‘{( © When units ceased operating, the Hgtie:;~voltage had dropped to o )
\_ 3.0 ‘\\2 VDC. Normal optration yas‘pOSblble at voltages above this levol
\ All babteries, after cxtcnde?'ueage, failed during the 4 hour pegiod .

when the Optacon was tragKing on battery. As calculated in Section 2

(User E uatjon) of this report, th¢ batteries can be expected to last

undﬁr normal usage-and proper.recharging.
L ; . . .

\

7.3 SUMMARY OF N QOMMENDAnor@ o : ' /

‘-

tory LjRg Tests rcfle(ted an eh«el]ent performance record for e

Labo
"\Q{ the Optacon. The 1ldne problem .encountéred was battery failure. As
{;‘ xfurther study shows .in this report, battery performance is acceptdblt.
Nuisance problems such as an occasional "squeaky roller are deemcd-

‘minor. However, it should be, noted that the Laboratory Life TestS did not .

) 7_4 . ’ .“" ‘ .' AN ) . ‘ q.
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l

\ubJLLL the equipment to the mechanical;shocks xt receives 1n the field
- Other sections. ian(is report highlight | 'field reliability prbbléms.v This

implies that although the ‘equipment is

highlf reliable when Operateg under

ideal conditions and with careful handling, .service calls are nebeSSitated

s

a4 result of
\

h

the ruldtnvuly rough fie{r handling. ' o .

§
0

99
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8.1 METHODOLOGY - _ . K )
o - v e
Fhls cvaluation consisted of an experimental d@terminatibn of the o

mcadhttme between fnilufcs (MTBF), baSed én data receiyed frOm “the . life 01

test dnd from the education evaludtion contractor equipment.;.'

TA thorough reiiability‘engineering evaiuationﬁwas to be’ pérformed

.

on the Optacon._ This was to consist of a statisticar‘study of data

collected on the 1ifc test nerformed on four samp%es "and of experimental

.

: torty -six samples. - The Laboratogy life tests of the Optacon (see Sectjion

. 7-Life Tests) did not provide' su ficient information to form a realistic

v statistical data base' and-, therefore, no conclusions can be drawn for .

thc laboratory MTBF \However, adequate “field data was accumulated from

the experiment 1 gs supplieg by the educatipn evaluation contractor.

+In the usual re}iability tests, there is a large number of initial
failures due Eo defedtive parte and workmanship. This evaluation, however,.

“ ns based upon the knowledge th§$ sufficient burn 1nut1me has been performed

+at thé TS1 fa&tory so that.the infant mortality rate has decreased to the *
. point ‘where the unit exhibits a constant failure rate while in use under

testing This statistical evaluation assumes that the unlts possess

%dentical characteristics and that they were operated under, identical -

N
e

circumstances. AR o7 eas

R

8.2 RESULTS I , ‘;-'d : E .

: The Optacon field logs supplied each, uniﬁ's total operating time
for ecach- reporting period " Table 8-1 shows the total operating time (in

» minutes) and total number of failures for each Optacon unit occuring during
the égoject. An éstimation of MTBF can be arrived at by divididg the

‘H cumulative operating time of all ‘the Optacons by the cumulative number pf

‘ failures as shown: A o . s \\

- data collectcd from thL educatlbn evaluation contractor ‘(AIR) performeéd Qn .

et -

wa t
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« .. Table 8-1. Total Operating Time (In Hours) S |
And. Total Number of Failures for Each Optacon Unit . S
oo During This Project . _ . LA
v v » - o ' . . - ‘-.f" '\‘ . ) ; “
‘ R-m T F : . R- T F
- 12 bhhs 0 Lé 3665 1
13 1770 'l o Y 1580 . -
o 1k .60 ¢ L o 48 1760 2 §
15 5685 3 . - 49 2050 2
; 16 3840 1 50 w55 Y2
- 17 0 0 51, 3480 1
” 18 1565 I 52 3755 0
19 4350 | 53 4765 1
200 2240 .2 T ) - 5h 4255 1 !
.21 3375 2 . + 55 555 Il
22 2370 2 oo o 56 ° 4950 1
23 955 0 ’ .57 " 540 2
2h 5210 .0 “ _ 58 © 1850 2
25 Looo 2 g L ‘
.26 1840 | Cumulative Operating Time = 135345 min 55
27 3260 b ' " " " =
s ? 28 4875 2 . - = 2255.75 hours
e 29 2525 0 Cumulative Number of Failures = 55
30 2300 G ‘ ' .
31 1910 0 T = Operating Time (in min) Durung Pr?Ject
§§ ;g;g 7 g F = Total Number of Failures " ? ' o
34 6350 0 R = AIR Serial Nupbers [
35 3140 P § - D
' 36° 3255 2
37 6220 3 .
40 0 1 ,
41. - 250Q 2 ’ .
42 9390 - -0 | A
43 © 2235 1 : _
by 5430 0 , ' \\\ P
45 4210 4 _ |
- . hd . 1\ ~
\\ . , TN .
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| - | N\ . F-C3435 > 1 Y )
: F Optacon MTBF = Total Hours/Total Failures : - ’j - .
‘ | = .2255,75/55 L - |
L
! : ~ Optacon Qperating MIBE = 41 hours of Operating between failures.

)

Similar calculations can be made’ for the visuel'disﬁlay and the
tracking aid. Table 8-2 gives\tﬁe‘totel amount of minntes each visual
Jdisplay was in operation and the total number of failures occuring. Teble
-3 shows the SameyinforméfTﬁn as applied to the tracking aids under test.

. ' . 0w

Their estimated MTBF are showm below;

#

Visual Display Operatin;MTBF
- ¢ . Tracking Aid Operating MTBF

376 hrs.
>155 hrs.

Verffication of the estimated dperating MTBF‘was made ueing standard

" reliability mathematical techniques. The field data is described as.
rtsultxng from a time- truncated test. The test assumed immediate replacer

e ment of failed units with tho same constarit fallure rate. A 90% confi—.t

dence Lnterval can be determlned for the WTBF for each of the units

involved. A sample calculatlon for the Optacon units follows belpw

S
T

2T M < 2T 1- ;¥ confidence 1nterval
o 2 ;o ”2 ’ o
4 e 3

where xz cuts off a rlght -hand tail of areF 4/2 under the chi-square

distribution with 2K+2 degrees of freedom, whlle xg cuts off a left-hand 1

~

. tail of area A./Z w1th ZR degrees of freedom. v . . MSN\\R

, T = 2255.75, K 7~§§, 0.90 confidence interval . . ».
L 2 (2255.75) < < 2 (2255.75) Cce | S B

. 137.701 86.792 . -

v .

Therefore, Optacon Oneratiog MTBF falls within the following range: R |-
‘ AN ' : - . o - I J
33 hr <MTBF<\;2 hr. o . . . :

The: dbove MTB

appllcable) reliability flgure can be drawn from the actual (calendar)

calculatlons reflect actual operation time. A (more

. _time between failures. This figure takee into account not only the ptrlodb, . /,
. in which the Optaconé were operating, but also accounts for storage,
’ - . “® - . / o i \ , 'g
‘ , ‘ ‘ Lo~ ‘ N .
o i s ’
. . . 8-3. r
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Lo v

oo - ’ .
PR .
| Y . K : . -
e . [ : 0 ¢ 0.
R > .

R - '«iTé le 8-2. Tdta] Operating Time (In~Houn§).An& TotaTl .
’ Number g iFaikunes For Each Visual Lisplay Unit During This Project

S A F
G / \ 1065 0 ‘
oo T ez ks R
3 ' 4 4765 ) -0
) b B I N .0
) & 3 5095 0
' 7 1850 0.
8 ‘ 6935, 0
. 9 . .. ) 3535 - 0
o 7145 0 :
o \VOSS ‘ 0
_12 , : 865 0
w13 . 5900 1
, R L R ‘ Lo8s 0
N o5 . 13775 . 0
o 26 R h080 . . L 1
| v 67705 3
.Cumulative Operafiﬁg Time.'= . 1128.43 Hours
’ . >¢‘ . ‘ ; - ’ ~
Cumulative Number of Failures = 3
: ]
- . \li‘i
\ 103
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Table 8-3. Total Operating WNpe (‘In'vaours) And . \ -
Total ‘lumber of -Failures for Eadh~JTracking Aid Uni 1 ..
During This Projett . ” )
T- T " F o
. ' " 3015 0
. "2 | 1870 - 0 L
- 3 . 6650 ~ 2
yoo 25h0 0 .
6‘ - ‘850 ‘O
-7 v 1045 .0 . :
8 3140 .0
9 555 0.
! 10 . o230 T TS 0 I3
LM~ 1760 0 : -
_ 12 1170 . 0
: v 13 1260 - 0 ’
o S - 14 b 3095 1
| | 15 ) 670 .| L.
16 .. - 505 * - 0 )
S 17 3790 0 -
- 15 . . - 1070 .0 , :
v S . -~ 37215 ) b . _ :
. ‘ {625.25 Ho(rs ' K ) Lo : H " ;,
.‘ " . - : : . ‘ L
- - : ’
o % i
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- . o &

handling repair time, and shelf life. _This figure is more realistic.
because it accounts for the damaging aspects of storage and handling.
Since the, field test perxod was approximately 178 dayq (untll 27 June)

the accumulated operatlng time for the 46 Optacons was 8 010 .days. The

A j
Optacon calendar NHTBF = Total Davs/Total Failures

‘s B = 8, 010/$5
= 146 days between’

- .Similar calculations for the Visual ‘Displays and the TrackihgiAids

are as follows:

. Visual Display Calendar MTBF

= 890 days .
Tracking AES/GALL\ﬂgi HlBF = 756 days~

-

Agaxn a QOA confldence 1nterval can be establlshed for the MTBF of tﬁe

units, as deflned above. lhc calendar MTBF for the Optacon is ‘bounded

by the interval calculated be10w -

2 (8010) - o < 2 (8010)
137.701 , . 86.792
/ ’ . 116 dayb < A ) <‘ 185 dayc . .j

- { A further breakdown of the MTBF for- the Optacon can be illustrated”

by . examlnlng the calendar MIBF for individual 1mportant sections of the
« Optacon itself. QResults tabulated below. were calculated with the same
techniq as that used for determxnlng the calendar MTBF for the whole

Optacon unit. .7 . _ . ..

Array MTBF ' = 86l0/13 failures = 616 days between
Battery MTBF . ' = 8010/4 = 2002 days failurcs
.Power Timing Board MTBF = 8010/8 = 1001 days.
Comparator/Output Boatd MTBF = 8010/4 = 2002 days o
- Camera MIBF- -’ = 8010/11 = 728 days !
//Eharge \MTBF -t b - so10/8 = 1001 days -
: \ , '
. = .
/

195

.-t
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8.3 SUMMARY OF RECOMMENDATIONS S

*

- TResults generated by th1s rellabllity study are questionable at
best. Although sound engineering principles were,employed to develop a
" usable model, .the results are inconsistent and suggest that undefined
factors were not ta%en into account.. .For instance, th laboritory life
tests proved that the Optacon withstood extended use extremely well while
the field results lndlcated “that with the addition of real life handling,.
repairs were necess1tated qu1te frequently. This. suggests that the
equipment does not have suff1c1ent safeguards against handlxng and environ-
-mental parametes. quever, our mechanlcal evaluatlon subje ted the :
Optacon to simulated handllng and environmen;al extremes de igned to
: uncover spechlc faults. No faults were apparent. The rat onale
for conclus1ons is llmlted to conJecture. The most log1cal and probable
explanation is that the equlpment ‘was used much more often in the field’
than was reportedt lt seems quite possible that the equlément use was not
limited to the classroom. Oversights in reporting*extra;tse could‘

olled la?

results we are 1nc11ned to conclude that the reliability of the Optacon

account for the discrepencies noted, Based upon our con

is good to excellent. »Much.more field data is needed for verification

of this conclusion.

] - : / ‘ .
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9. FIELD TRIPS I

w
-

OBJECTIVES o /

f[RL persognel vislted‘each school site threeqéi es. The objective
was Lo ascertain -that all equipment was in perfect’'gperating order before
thogprogram began,,that midway through the progra all equipment was.still}
.oﬁorating'properiy.and thar at toe‘end of the ofogram all equipment had
continuced to operate properly; In addltlon, FIRL- personnel 1nterV1ewed

adwinistrators, teathers and stuuents to gain insights into user problems.

"Those results are rtported in Gectlon 2 of thls document///Sltes visited

2 - &
weres ) Q .

Logan School, Philadelpliia, Pennsylvania~
Overbrook School for. the Blind, Philadelphia, Pennsylvanla.
ee berkeley Unified School District, Berkeley, California
" Campbell Union High School District, Campbell, California.
.Campbell Union Elementary School District, Campbell, California v
“Salem Public Schools, Salem, Oregon B ' '
Azusg Unified School District, Azusa, California
Visalia Unified School District, Visalia Callfornla
_San Diego City Schools, San Diego, California .

. ' Chula Vista City School District, Chula Vista, California ]
Houston Independent School District, Houston, Texas' :
Cincinnati Public Schools, Cincinnati, Ohio

y Florida Schecl for the Deaf and Blind, St. Mugrstine, Florida
Perkins School for the Blind, Uatertown Massachusetts

The field trips emabled FIRL personqpl to 1dent1fy real problems,

observe classroom usage, advise teachers and students as needed, avoid

4_potent1a1 problems, alert TSI as to service requirements and to supply

background information for all FIRL task forces. Sites visited offered
) " N . N . ' ) _;’ i , .
a variety of economic and classrqoom structure settings. B

-

- .+"9.2 RECOMMENDATIONS |

Recommendations based upon information gathered d?rlng the fleld

trips are 1nterspersed among the approprlate sections oﬁ this report

. - . 107
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. , 10. . CONCLUSIONS : -

: ' , S A T
Potential users, virtually unanimously, reported that the Optacon

would be very usefiln their da11y 11ves. :

de

Engineering studies have

proven n 1s;;7§1cally s0und and indications suggest that

it "~u Ystem a hOugthEcher data rs,needed to render this

a firm conclusion. . ‘ '
\

'& host'bf'mi r improvements are recommended by thié-report which

would Optllec user . convenlence and mlnlmlze LOSt in its present ‘con-—

O

ERIC

Aruitoxt provided by Eic:

figwration. However, bas1t flaws not easily correctable include the

.. S
fact that the 9btaton requlres two hands for operatlon, 1t requlres

motsivated SubJECLS with fairly s1zeable resources available and unim-
paired tactile senses, and it has an inherent notse problem. These nisic
flnws suggest that further research should be aimed at developlng a one

hand “Optacon w1th an alternate f rm of 1nformat10n transfer such as air

14 o

puﬁfs or eleet;;cal stimulation. o v /

~ These improvements~wdil requilre advances in the state-of-the-art .
and capnot be expected”to'bé available in the near future. Conséquently,
tne p4£sent_optacon should &e optimized in conformance with- thé recom-
mcndhtinns of this report and concurrently; basjc research shOuld be
undertaken to produce,a one hand’dhit witn cither an alternate form of
information transfer or at least a reduction in neise level pyAreducing

the nnplitude and/or.frequency of the bimorph stimulator.

v
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